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Proface 


This  report  summarizes  the  design  and  implementation  of 
a microprocessor  based  system  that  will  perform  testing  of 
the  NCR-2051  MNOS  memory.  The  report  discusses  both 
hardware  design  and  software  development  (including  the 
development  process  and  associated  design  decisions)  and 
provides  complete  source  listings  of  all  assembly  language 
software.  This  test  system  is  to  bo  used  for  two  purposes* 
(1)  a model  for  an  acceptance  testing  system  and  (2)  a 
programmable  laboratory  test  facility  for  the  NCR-2051.  The 
techniques  used  for  this  system  development  are  applicable 
to  any  microprocessor  based  memory  tost  system  development. 


The  report  is 

written  for  a person 

who  has  a ba 

sic 

understanding  o£ 

digital  circuits  and 

some  knowledge 

of 

microprocessors . 

A person  without 

any  background 

in 

microprocessors 

can  operate  the  test 

system  using 

the 

operating  manual  that  is  provided  in  Appendix  C. 
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Abstract 


The  U.S.  Air  Force  has  begun  using  MNOS  memories  in 
ultrahigh  frequency  radios  to  provide  nonvolatile  storage  of 
preset  frequencies.  The  NCR  2051  is  one  such  memory.  It  is 
necessary  that  the  USAF  have  the  capability  to  perform 
acceptance  testing  of  the  NCR  2051  and  to  economically 
perform  laboratory  tests  which  may  be  very  time  consuming. 
This  report  develops  a micrcprocessor-based  computer  system 
which  will  provide  the  necessary  capabilities  economically. 

The  design  of  the  Motorola  M6800-based  system  is 
presented  with  both  hardware  and  software  considerations. 
The  development  decisions  are  discussed  and  a user's  manual 
is  prcvided.  Complete  assembly  language  software  listings, 
which  realize  the  acceptance  testing  requirements,  are 
included.  Flowcharts  for  all  test  algorithms  and  schematic 
diagrams  for  all  interface  circuits  are  also  provided. 


I.  INTRODUCTION 


The  need  for  storage  of  digital  information  arises  as 
more  electronics  systems  use  digital  processing. 
Semiconductor  memories  are  being  used  in  an  increasing 
number  of  processing  applications  since  they  provide  a 
compact  low-power  storage  device.  As  the  number  of 
applications  for  semiconductor  memories  expands,  the  memory 
complexity  increases  (due  to  the  fact  that  it  is  desirable 
to  have  more  storage  capacity,  higher  storage  density,  and 
lower  power  consumption).  The  .>:oblem  of  verifying  whether 
or  not  a memory  performs  all  its  functions  becomes  more 
difficult  to  resolve.  It  is  this  problem  that  leads  to  the 
following  investigation  concerning  a specific  memory  type. 

Background 

The  USAF  has  begun  using  semiconductor  memories  for 
storage  of  preset  frequencies  in  ultrahigh  frequency  (UHF) 
radios  for  airborne  applications  (Ref  10).  Since  these 
memories  are  used  to  store  information  which  may  be  changed 
(as  frequencies  are  changed)  they  must  be  easily 
programmable  in  the  aircraft  (in  flight) . They  must  retain 
the  programmed  information  even  when  the  power  is  turned  off 
so  that  the  preset  frequencies  will  be  available  the  next 
time  aircraft  power  is  restored.  One  particular  memory  which 
has  been  selected  for  this  purpose  is  designated  by  its 
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manufacturer  (National  Cash  Register  Corporation)  as  the  NCR 
2051  . 

The  NCR  2051  is  a 32  word  by  1G  bit  mctal-nitride-oxide 
semiconductor  (MNOS)  memory.  It  is  electrically  word 
programmable  and  will  retain  stored  information  for  up  to  10 
years  (Ref  9)  with  no  power  applied  (in  or  out  of  an 
electrical  circuit) . Due  to  the  complexity  of  this  memory, 
very  sophisticated  equipment  is  required  to  test  the 
NCR  2051  for  proper  operation.  Equipment  (such  as  the 
Macrodata  MD-104  memory  tester  (Ref  4))  which  is  currently 
available  to  perform  testing  of  this  integrated  circuit  is 
very  expensive  and  requires  a skilled  operator  with  a high 
level  of  technical  knowledge.  This  cost  and  technical 
expertise  combination  was  the  primary  motivation  which 
prompted  this  investigative  effort. 

Statement  of  Objective 

It  is  the  goal  of  the  investigation  to  develop  a 
microprocessor-based  tost  system  for  the  NCR  2051 . This 
system  will  be  used  as  a model  for  constructing  an 
acceptance  testing  system.  It  will  provide  the  Air  Force 
with  an  inexpensive  method  (compared  to  the  cost  of  existing 
test  systems)  of  testing  and  evaluating  the  performance  of 
the  MNOS  memories  before  accepting  them  and  utilizing  them 
in  an  operating  avionics  system.  The  resulting  test  system 
must  also  reduce  the  technical  expertise  requirements  for 


the  test  system  operator. 


This  provides 


another  cost 


* 
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savings.  The  system  which  is  produced  by  this  effort  will, 
in  addition,  provide  the  capability  to  economically  perform 
tests,  (which  require  dedication  of  the  equipment  for 
extended  periods  of  time) , on  the  memory.  The  software  which 
is  to  be  written  for  the  system  must  be  flexible  so  as  to 
allow  simple  modification  to  accomodate  more  elaborate 
laboratory  tests.  A user's  manual  (See  Appendix  C)  must  bo 
provided.  The  test  monitor  will  be  written  (See  Appendix  B) 
so  that  very  few  references  to  the  manual  will  be  required 
and  prompting  information  will  be  displayed  on  the  system 
console.  The  system  must  be  capable  of  performing  each  test 
automatically  once  a test  is  initiated  (the  operator  simply 
types  the  instructions  that  select  the  test  which  is  to  be 
executed) . 


Constraints  and  Tea t Philosophy 

In  order  to  provide  flexibility  to  the  testing 
< procedures,  the  testing  of  the  NCR  2051  will  bo  accomplished 
using  an  operator-controlled  microcomputer  system  which  will 
control  all  signals  that  are  applied  to  the  memory  under 
test  (MlJT)  . The  operator  will  have  control  over  write/erase 
timing,  test  patterns,  and  test  program  selection  by 

keyboard  entries  from  the  system  console.  Read  timing  is 
also  operator  controlled,  but  is  accomp] ished  through 
hardware  (switching)  instead  of  a keyboard  entry . 
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Since  the  test  system  is  to  be  used  as  a model  for  an 
acceptance  testing  system,  it  will  be  developed  to  perform 
only  those  tests  which  are  necessary  to  assure  the  USAF  that 
the  device  will  perform  its  intended  function  in  the  system 
into  which  it  will  be  installed.  No  attempt  is  made  to 
characterize  the  device  with  the  test  system,  as  measuring 
all  possible  parameters  would  require  too  much  time.  The 
cost  would  then  override  the  benefits  to  be  derived.  Error 
messages  will  be  displayed  on  the  system  console  (in  the 
event  an  error  is  detected)  and  will  include  such 
information  as  necessary  to  determine  the  exact  location 
within  the  test  sequence  where  the  error  occurred. 

Sys Lem  Configuration 

In  order  to  provide  a testing  system  which  may  be 
easily  changed  to  perform  any  desired  test,  the  system 
should  consist  of  at  least  the  following:  (1)  a 

microprocessor,  (2)  an  alphanumeric  communication  device 
, (such  as  a teletype  video  terminal  etc.  ),  and  (3)  a storage 
media.  Any  additional  input/ output  device  may  add  to  the 
capabilities  of  the  system. 

A Motorola  M6800  microprocessor  was  chosen  as  the 
central  element  in  the  system  because  of  its  treatment  of 
Input/Output  (I/O)  as  a memory  read/write  operation,  its 
small  size  (the  M6000  is  an  eight  bit  processor) , and  its 
low  cost.  A test  system  could  bo  designed  starting  at  the 


integrated  circuit  level;  however,  due  to  the  limited  time 
available  to  finish  the  system  development,  the 
microcomputer  was  purchased  as  a kit.  The  basic 
microprocessor  was  constructed  using  a kit  produced  by 
Southwest  Technical  Products  Corp.  (SWTPC)  of  San  Antonio, 
Texas  (model  MP-A)  since  the  design  of  the  kit  seems  almost 
tailor-made  for  this  application.  A video  terminal  produced 
by  the  same  company  was  available  from  a previous  project  in 
the  Air  Force  Avionics  Laboratory  so  an  audio  cassette 
interface  kit  from  SWTPC  was  also  selected  (based  on  cost 
and  compatability ) for  the  basic  system. 

A Hewlett  Packard  model  9820A  calculator  system  w as 
already  available  which  had  several  peripheral  devices.  A 
test  system  with  greater  flexibility  and  reduced  cost  could 
be  provided  if  the  calculator  system  were  to  be  connected  to 
the  microcomputer  to  .allow  the  use  of  these  peripherals  with 
the  microcomputer  system.  Since  the  calculator  system  is  not 
in  use  full  time,  both  systems  can  make  use  of  these 
input/output  (I/O)  devices  which  are:  a digital  cassette 
storage  system,  an  X-Y  plotter,  a line  printer,  a high-speed 
papertape  reader,  and  a high-speed  paper tape  punch.  Two 
types  of  interfaces  were  developed  to  interconnect  the  two 
systems:  (1)  a parallel  interface  (with 
transistor-transistor  logic  (T'L'L)  signal  levels  (Ref  11)) 
connected  directly  to  the  HP  9066A  line  printer  (the  printer 


is  disconnected  from  the  calculator  system)  and  (2)  a serial 
interface  (RS-2J2)  connecting  the  test  system  into  the  9820A 
controller  which  allows  data  to  be  transferred  to  any  of  the 


peripherals  (Ref  2) . This  serial  interface  was  also 
configured  to  accept  a standard  teletype,  using  a 20ma 
current  loop,  which  was  also  available. 

An  interface  was  designed  and  constructed  to  connect 
the  microprocessor  system  to  a test  socket  which  would 
accept  the  NCR  2051  IliJOE  memory  and  which  would  allow  the 
microprocessor  to  control  the  signals  applied  to  the  memory 
in  order  to  implement  the  desired  testing.  This  interface 
utilizes  standard  SN7400  series  TTL  devices  to  perform 
buffering,  latching,  inverting,  and  delaying  functions. 

Organ  '.nation 

Chapter  II.  provides  the  description  of  the  operations, 
applications,  and  testing  procedures  of  the  MHOS  .memory  (NCR 
2051).  Chapter  III.  describes  the  overall  testing  system  as 
, designed,  developed,  and  implemented.  Chapter  IV.  shows  the 
hardware  development  while  Chapter  V.  follows  with  the 
software  implementation  of  the  test  algorithms.  Chapter  VI. 
concludes  with  some  test  results  and  recommendations  for 
further  development. 


Introduction 
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II.  MNOS  MEMORIES 


Since  the  NCR  2051  is  an  MNOS  memory  device,  this 
chapter  describes  the  operation  of  MNOS  memories  to 
facilitate  reader  understanding  of  the  test  system.  A 
detailed  description  of  the  NCR  2051  is  included  and  is 
followed  by  a discussion  of  an  Air  Force  application  of  the 
NCR  2051  . Several  factors  to  be  considered  when  testing  MNOS 
memories  are  also  discussed,  in  order  to  help  the  reader  see 
why  the  test  routines  were  selected. 

Description  of  MNOS  Memory  Operation 

A metal-nitride-oxide  semiconductor  (MNOS)  memory  uses 
charge  storage  at  the  oxide-nitride  interface  at  the  gate 
insulator  of  the  MNOS  transistor  for  retention  of  data.  The 
charge  is  tunneled  into  this  interface  by  applying  a 
negative  writing  voltage  and  the  charge  is  trapped  when  the 
voltage  is  removed.  A positive  voltage  may  be  applied  to 

4 

drain  the  charge  thus  erasing  the  data  that  was  previously 
written.  A memory  cell  is  made  up  of  two  MNOS  transistors. 
The  presence  of  charge  at  the  gate  of  one  transistor  of  the 
pair  determines  whether  a one  or  a zero  voltage  level  (one  = 
+5v,  zero  = Ov)  will  be  detected  when  the  memory  cell  is 
read.  Since  the  charge  is  trapped  at  the  oxide-nitride 
interface  and  requires  a positive  voltage  applied  before  the 
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charge  can  escape,  this  is  a nonvolatile  type  of  storage 
device  which  may  retain  data  in  excess  of  10  years  with  no 
power  applied.  The  MNOS  device  differs  from  other 
electrically  programmable  read  only  memories  (EPROM's)  in 
that  it  can  be  electrically  erased  (as  opposed  to  erasure  by 
exposure  to  ultraviolet  light  radiation)  and  reprogrammed  on 
a word  by  word  basis.  This  erase/write  function  is 
accomplished  by  applying  the  appropriate  positive  or 
negative  voltage  to  the  desired  memory  cells  to  tunnel  or 
drain  charge  from  those  cells. 

The  NCR  2051  is  a 512  bit  electrically  alterable  ROM 
(MNOS)  which  is  organized  as  a 32  word  by  16  bit  memory  (See 
Fig  2-1).  MNOS  devices  have  a limited  read/write  cycle 
lifetime  and  the  NCR  2051  may  be  erased  and  rewritten  up  to 
a maximum  of  10G  times  (Ref  9).  This  limitation  is  duo  to 
degradation  of  the  MNOS  transistor.  It  may,  however,  be  read 
up  to  2 X I011  times  before  a refresh  is  necessary.  Reading 
the  memory  ceil  allows  the  rate  of  charge  leakage  from  the 
oxide-nitride  interface  to  increase  during  the  time  the  read 
voltage  is  present.  This  charge  must  be  replaced  before 
enough  lias  been  lost  to  cause  incorrect  data  retrieval.  This 
memory  requires  two  power  supplies  for  its  operation  (-29v 
and  +5v  when  interfaced  to  liunsistor-transistor  logic  (TTL) 
devices  or  -24v  and  +10v  when  interfaced  to  complementary 
metal  oxide  semiconductors  (CMOS) ) . With  the  exception  of 
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the  power  supply,  all  I/O  and  control  signals  operate  within 
standard  TTL  voltage  levels  (also  capable  of  operating 
directly  with  CMOS  (Ref  9) ) . 

The  outputs  of  the  NCR  2051  have  an  access  time  of 
two  ns  (See  Appendix  F) . A clock  pulse  of  2-20  ps  pulse 
width  is  required  for  a read  operation  but  is  optional  for  a 
write  operation.  Data  is  not  valid  for  a read  operation 
until  approximately  2 ns  after  the  falling  edge  of  the  clock 
pulse  (Ref  9) . The  total  word  access  time  is  the  sum  of  the 
minimum  clock  pulse  width  and  the  access  time  - 4 ns.  This 
memory  was  obviously  not  intended  for  use  as  a read/write 
(RAM)  memory  since  it  requires  40-200  ms  each  to  erase  and 
rewrite  data. 

The  mode  in  which  the  device  is  operating  is  controlled 
by  the  control  logic  that  is  in  the  same  integrated  circuit 
(See  Fig  2-1).  This  control  logic  circuitry  has  three  inputs 
(CS,  Cl,  and  C2) . The  chip  select  (CS)  input  essentially 
turns  the  entire  device  on  and  off  (the  device  still 
consumes  power,  however) , leaving  the  outputs  in  an  open 
circuit  condition  when  it  is  turned  off  (i.e.  CS  - logic 
zero) . The  remaining  two  inputs  select  either  a read,  write, 
or  erase  mode,  if  Cl  is  high  (logic  one)  then  regardless  of 
the  state  of  C2  a read  mode  is  selected.  However  if  Cl  is 
low  (logic  zero)  then  C2  will  determine  the  mode.  If  C2  = 
low  (logic  zero)  then  the  write  mode  is  selected  and  if  C2  - 
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high  (logic  one)  the  erase  mode  is  selected.  The  following 
logic  equations  show  the  function  of  the  control  logic 
circuits. 


CS  • (C1+C1)  • (C2+C2) 

= CS  ~ Device  off 

(D 

CS  • Cl  • (C2+C2)  = 

CS  • Cl  = Read 

(2) 

CS  • Cl  • C2 

= Erase 

(3) 

CS  • Cl  • C2 

= Write  , 

(4) 

Since  there  is  no  requirement  for  separation  of  the 
application  of  the  clock  signal  from  any  other  input  signal, 
all  inputs  for  a given  operation  may  be  initiated 
simultaneously.  This  greatly  simplifies  the  design 
requirements  for  an  interface  to  this  memory.  If  separation 
of  the  signals  wore  required,  additional  hardware  would  be 
needed  to  provide  delays  between  each  of  the  signals  whan 
the  delay  time  is  , less  than  the  resolution  time  of  the 
processor  I/O. 


II 
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Application  of  NCR  2051 

The  Air  Force  is  using  the  NCR  2051  memory  in 
frequency-preset  applications  (Ref  10).  Ultrahigh  frequency 
radios  in  airborne  installations  are  required  by  the  Air 
Force  to  have  twenty  channels  which  may  be  selected  by  a 
single  control  knob.  These  channels  are  preset  by  the  pilot 
and/or  the  ground  maintanence  crew  to  correspond  to 
frequencies  which  are  in  use  by  the  control  tower,  ground 
control,  etc.  and  other  often  used  frequencies.  These 
frequencies  change  as  the  aircraft  moves  from  one 
geographical  location  to  another;  therefore,  it  is  important 
that  the  pilot  be  able  to  assign  a new  frequency  to  any  or 
all  channels  while  in  flight. 

Based  on  the  author's  experience  in  aircraft  radio 
repair,  previous  methods  of  changing  preset  frequencies 
usually  included  some  physical  movement  of  several  sliding 
parts  of  a mechanical  drum- type  memory.  These  mechanical 
parts  actuated  electrical  switches  when  the  drum  was 
positioned  according  to  the  desired  preset  channel.  This 
required  opening  a door  on  the  front  of  the  control  panel 
(sometimes  even  complete  removal  of  the  radio  control  box 
from  its  mounting  in  the  aircraft  instrument  panel)  and 
leaning  down  for  close  observation  cf  the  setting  of  the 
sliders.  This  is  virtually  impossible  for  the  pilot  of  a 
single  seat  aircraft  to  accomplish  in  flight  since  he  must 
devote  his  attention  to  flying  the  aircraft... 
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With  the  development  of  the  MNOS  memory,  it  is  now 
possible  for  the  pilot  to  simply  tune  the  radio  to  the 
desired  frequency,  using  the  manual  frequency  select 
controls,  set  the  channel  selector-  to  the  channel  to  which 
the  frequency  is  being  assigned,  and  momentarily  push  a 
button  to  program  the  memory.  Other  semiconductor  memories 
(RAM's  for  example)  could  be  used  for  this  purpose  except 
that  each  time  the  aircraft  power  is  removed,  all  the  preset 
frequencies  would  have  to  be  re-entered.  This  v/ould  not  be 
practical  and  is  not  used. 

Test  Requirements  for  Td'JS  Memories 

Since  it  is  the  goal  of  this  effort  to  develop  an 
acceptance  testing  system  (acceptance  testing  implies 

testing  whether  the  device  can  be  expected  to  work)  it  is 
necessary  to  evaluate  only  certain  parameters  of  the  memory. 
The  basic  requirements  are  to  see  if  the  device  is  fully 
operational  and  can  be  expected  to  operate  in  a system 
i designed  to  allow  all  parameters  to  fall  within  the 
manufacturer's  specifications.  Based  upon  previous  work  with 
the  NCR  2050  (functionally  equivalent  to  the  NCR  2051)  (Ref 
10),  it  is  necessary  to  perform  pattern  sensitivity  tests  to 
determine  whether  a device  is  to  be  accepted  or  rejected.  In 
addition,  it  is  desirable  to  test  the  retention  capability. 
Retention  tests  arc,  however,  very  time  consuming  and  would 
introduce  a delay  in  putting  the  devices  into  service.  Based 
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on  previous  positive  retention  study  results  (Ref  10),  this 


effort  will  not  pursue  the  development  of  retention  tests. 
Simulation  of  data  retained  at  the  end  of  a given  storage 
time  may  be  achieved  by  writing  the  data  with  too  short  a 
write  time  (Ref  10).  This  capability  will  be  provided  since 
the  write  and  erase  pulse  widths  are  under  full  software 
control  and  may  be  selected  by  the  system  operator.  The 
system  will  be  flexible  and  will  accomodate  retention  tests 
with  simple  software  changes. 

Pattern  sensivity  tests  perform  repeated  write , read, 
verify,  and  erase  operations  using  one  of  several  well 
defined  sequences.  This  method  of  testing  verifies  full 
operation  of  all  bits  within  the  memory,  and  also  tests  all 
address  decoding  and  sensing  logic  elements  which  are  an 
integral  part  of  the  integrated  circuit. 

Due  to  the  limited  read/write  cycle  lifetime  and  the 
long  write/erase  times  required,  many  test  sequences  which 
are  effective  when  testing  other  read/write  (RAM) 
semiconductior  memories  are  impractical . They  may  take  too 
much  time  to  perform,  or  else  they  will  degrade  the 
performance  of  the  device  and  effectively  "wear  it  out". 
There  are  four  widely  used  pattern  sensitivity  tests  which 
collectively  perform  sufficient  testing  with  negligible 
device  degradation.  These  tests  (referred  to  in  the 
literature  as  MARCH  - write  and  read/write  forward  and 
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backward,  MASSES'!’  - alternating  one:-:  and  2oroo»,  CAnPAT  -• 
galloping  pattern,  and  WAKl’AT  - walking  pittorn  (Kef  10)) 
write  data  into  the  memory  then  read  and  vor.i  Cy  thn*  d..tn  in 
one  of  four  well  defined  aequo no on  and  are  described  in 
detail  in  Chapter  V. 

Summary 

MHOS  memories  si,  re  charge  at  the  gate  of  an  MNOS 
transistor.  This  nonvolatile  storage  may  bo  retained  for  up 
to  10  years  without  power.  The  Air  Force  in  using  an  MHOS 
memory  to  store  prosol  Li  oquenoy  in  formal. ion  in  airborne 
radios.  Pattern  sensitivity  lost:;  are  he  most  effect  ivo  way 
of  testing  MHOS  memories  r.o  verity  pr  ope  r opera  t i on  because 
these  tests  verify  the  proper-  operation  of  all  memory  bit 
positions  as  well  as  all  address  decod' ng  and  logic  sensing 
circuitry  under  wove. I case  timing  oondit  ions  (rapid  access 
of  adjacent  colls  etc.). 
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Int  rod  net-  von 

The  tost  system  must  perform  each  desired  test 
automatically  once  a test  has  been  selected.  11  must  give 
information  concerning  the  failure  or  successful  operation 
of  the  device  under  test.  Therefore,  the  test  system 
consists  of  a microprocessor  system,  its  associated 
equipment,  and  an  interface  which  connects  the 
microprocessor  system  to  the  MNOS  memory  to  be  tested  (dee 
Pig  3-  I > . The  interface  is  discussed  in  chapter  IV.  This 


chapter 


describes  the  selection  of  the  microprocessor  which 


is  to  bo  used  in  the  tost  system..  A system  overview  is  then 


presented  which  describes 


several  kits  which  wore  purchased 


to  form  the  basic  mj c coprocessor  system.  A video  terminal, 
an  audio  cassette  interface,  and  the  microprocessor  itself 
are  described.  Both  hardware  and  software  descriptions  of 
the  basic  microprocessor  are  included. 

Hie roprocossor  f.< > 1 eel  ion 

After  examining  several  available  eight  bit 
microprocessors  (such  an  the  Intel  IHUIO,  the  ilog  "80,  and 
the  Motorola  M6800) , their  instruction  sets,  I heir  treatment 
of  I/O,  the  software  development  systems  available  etc.,  the 
Motorola  M6800  was  selected.  Due  to  the  higher  cost  of 


larger  (more  than  eight,  bits)  microprocessors,  only  eight 


Hi 


bit  machines  wore  considered.  Any  of  the  microprocessors 
cousi.de rod  could  have  been  used  for  the  test  system  as  there 
is  very  little  difference  in  their  capabilities  (except 
speed).  One  reason  for  the  selection  of  the  M6800  is  that 
I/O  is  treated  as  a load  or  store  operation  to  a memory 
address.  Since  the  primary  function  of  the  processor  will 
utilize  I/O  operations  very  frequently,  this  is  an  important 
feature.  Also,  a cross-assembler  and  simulator  tor  the 
K6000,  which  operates  on  the  CPC  6600  computer  system,  is 
available  at  the  Air  Force  Institute  of  Technology  (AFIT) , 
so  there  is  ample  software  development  capability.  Moreover, 
there  are  several  persons  in  Lite  Air  Force  Avionics 
Laboratory  who  have  considerable  experience  using  the  Hurt 00 
system.  Thus  a local  source  of  knowl edge/exper ieneo  is 
available  in  the  event  difficulties  are  encountered  with  the 
system  dove lopment. 

Rather  than  design  and  fabricate  a microprocessor 
system  from  scratch,  it  seems  very  practical  to  purchase  a 
kit  since  there  are  several  inexpensive  microprocessor-  kits 
available  (there  wore  iro  preassemblod  boards  available  for 
the  M6800) . There  were  two  kits  available  (at  the  time  the 
microprocessor  was  selected)  which  use  tire  116800.  One  kit, 
distributed  by  Altair  Computer  Centers  is  very  well 
constructed  but  is  rather  small  (physically).  Since  the 
Altair  kit  is  very  compact,  it  is  not  well  suited  for  adding 
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several  I/O  ports.  The  system  produced  by  Southwest 
Technical  Products  Corporal.  Lon  (SWTPC)  is  ideally  suited  for 
this  application  (it  has  space  for  several  I/O  ports 
provided  which  can  be  used  to  connect  to  the  memory  under 
test).  Since  the  SWTPC  system  was  selected,  detailed 
descriptions  of  the  SWTPC  kits  follow  (see  Chapter  I.  for 
kit  selection  information) : 

Vid c o Te rm i i ini 

Rather  than  use  a teletype  or  switch  panel  on  the  front 
of  a processor,  a Video  terminal  was  selected  to  bo  used  by 
the  operator  to  communicate  with  the  system  (to  give 
commands  and  read  data).  A wide  variety  of  video  terminals 
is  available  with  a multitude  of  options.  The  SWTPC  CT- 1024 
video  terminal  was  selected  because  it  is  available  at  no 
cost  (the  Avionics  Lab  had  previously  purchased  it)  and  is 
computable  with  the  other  kits  purchased  for  the  system.  Any 
type  of  terminal  using  ASCII  encoding,  even  a teletype,  is 
> acceptable.  However,  the  SWTPC  terminal  provides  decoding  ot‘ 
user  selectable  control  characters  that  may  bo  used  to 
control  the  audio  cassette  interface  (described  later  in 
this  chapter)  which  in  turn  will  control  the  motor  of  the 
tape  recorder.  This  will  give  the  system  an  automatic 
sturt/stop  feature  for  cassette  tape  operations.  Although 
this  is  not  a mandatory  feature  for  system  operation,  it 
does  make  system  operation  simpler. 
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The  CT- 1024  terminal  was  designed  for  a 16  line  by  32 
character/line  page  with  two  pages  of  memory.  In  order  to 
make  the  display  of  data  more  meaningful,  sever,  il 
modifications  were  incorporated  into  the  terminal  (these 
modifications  are  not:  necessary  if  the  Ct-6 ;!  terminal  is 
purchased)  . Since  32  characters  per  Line  will  not.  display  a 
40  character  record  block  (MIKbug  punch  format) , the  screen 
format  has  been  changed  to  a single  page  with  16  lines  of  64 
characters  each  with  automatic  scrolling  (each  line  is 
printed  at  the  bottom  of  the  page  and  a line  feed  causes  the 
entire  page  to  be  shifted  up  one  line  - similar  to  the 
operation  of  a typewriter) . 


Audio  Cassette  Inter  face 

There  are  several  methods  used  for  saving  programs  for 
microcomputers  (such  as  the  floppy  disc,  digital  cassettes, 
paper  tape,  and  audio  cassettes)  . Since  one  of  the  major- 
guidelines  of  this  effort  is  that  the  system  is  to  be  low 
cost,  and  there  is  no  requirement  for  large  amounts  of  data 
storage/retrieval , the  audio  cassette  storage  system  was 
selected  because  it  is  the  cheapest  method  considered  and  .it 
will  work  for  this  application.  The  audio  cassette  interface 
provides  a very  inexpensive  method  of  saving  programs  for 
reloading  into  the  system  after  power  is  applied  the  next 
time.  It  is  connected  between  the  processor  and  the  video 
terminal  in  a series  fashion.  Command  signals  from  the 
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terminal  to  the  interface  allow  automatic  start/stop 
operation  of  the  tape  recorder  through  the  motor  control 
jack  on  the  tape  recorder. 

The  SWTPC  AC-30  cassette  interface  was  selected  because 
of  its  low  price  ($G9.95)  and  ease  of  integration  into  the 
overall  system  design  (it  connects  in  series  between  the 
video  terminal  and  the  processor  and  no  new  software  is 
required  for  its  use) . It  is  also  the  only  kit  currently 
available  which  will  connect  directly  to  an  MG 800  system. 
Other  cassette  interface  kits  such  as  the  Tarbell  Cassette 
Interface  (Tarbell  Electronics  of  Carson,  California)  plug 
into  the  S-100  buss  structure  of  the  8000  processor  and  are 
therefore  not  useable  with  the  MG8Q0 . This  interface  accepts 
data  in  P.S-232  format  from  either  the  terminal  (local  mode) 
or  the  microprocessor  (remote  mode) , depending  upon  the 
setting  of  the  loeal/.r emote  switch  on  the  cassette  interface 
front  panel.  This  data  is  then  converted  into  audio  signals 
of  1200  or  2400  Hz  for  ones  and  zeros  and  is  output  to  the 
microphone  input  of  a single  track  audio  cassette  tape 
recorder.  Recovery  of  information  takes  place  in  exactly  the 
reverse  order  with  the  output  coming  from  the  headphone  jack 
of  the  recorder.  The  data  rate  is  300  baud.  The  IGX  clock 
signals  (4000  Hz)  for  the  terminal  and  the  processor  I/O 
port  are  routed  through  the  interface.  This  allows  the 
interface  to  use  a self-clocking  technique  to  generate  the 


clock  signals  while  reading  a cassette  tape,  thus  enabling 
correct  data  recovery  for  a wide  range  of  tape  speed 


variation  (This  is  a very  important  feature  when  utilizing 
inexpensive  audio  recorders  since  they  have  very  poor  motor 
speed  controls) . 


Microprocessor 


The  microprocessor  description  is  divided  into  the 
following  three  areas:  hardware,  memory  map,  and  operating 
system  (MIKbug) . 


Hardware 

The  SWTPC  MP-A  microprocessor  kit  includes  the 
following  items:  power  supply,  chassis,  system 

interconnecting  circuit  board  (called  mother  board) , 
processor  circuit  board  (which  contains  the  microprocessor 
and  associated  circuitry  such  as  the  clock,  monitor  ROM, 
etc.)  , one  four  kbyte  RAM  memory  board,  and  the  control 
interface  board  (which  connects  to  a serial  device  through 
an  RS-232  or  20  nn  current  loop) . Additional  kits  purchased 
include  three  four  kbyte  RAM  memory  boards,  three  parallel 
interface  cards,  one  serial  interface  card,  and  one  EPROM 
card  (The  model  RB-68-8  EPROM  card  is  manufactured  by 
Shifting  Sands  Microcomputer  Products  Corp.  of  Fairborn, 
Ohio  and  is  plug-in  compatable  with  the  SWTPC  system).  The 
EPROM  board  allows  all  developed  programs  to  be  placed  in 
electrically  programmable  read  only  memories  (TMS  2708's)  so 
that  the  program  will  not  have  to  be  re-entered  each  time  it 
is  to  be  used. 

The  complete  microprocessor  (with  space  for  six  memory 
boards  .and  eight  interface  cards)  is  housed  in  an  attractive 
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black  anodized  aluminum  cane  which  measures  15  1/2  in  long 


by  15  1/2  in  wide  by  7 in  high.  The  only  controls  provided 
are  two  push-button  switches  for  power  and  reset  (Ref  6) . 
All  other  functions  are  controlled  through  communications 
with  the  CRT  terminal. 

Memory  Map  of  Microprocessor 

The  SWTPC  M6800  microcomputer  is  designed  using  an 
operating  system  called  MIKbug  (MIKbug  is  a registered 
trademark)  which  was  written  by  Motorola.  Since  thi 1 
operating  system  must  be  used  to  run  the  test  system,  it  is 
described  in  detail  later  in  this  chapter.  The  MIKbug 
monitor  occupies  512  bytes  of  memory , but  due  to  only 
partial  address  decoding,  (to  save  hardware  costs)  it 
responds  to  the  upper  eight  kbyte  block  of  memory  ($11000  to 
$FFFF)  (the  "$"  prefix  means  that  the  number  to  which  it  is 
attached  is  a hexadecimal  number)  repeating  itself  every  512 
bytes  (See  Fig  3-2).  This  monitor  uses  128  bytes  of  scratch 
pad  RAM  located  at  $A000  to  $A07F.  It  uses  four  addresses 
($8004-$8007)  for  the  I/O  to  the  control  terminal. 

The  microprocessor  kit  is  provided  with  connections  and 
decoding  for  seven  additional  I/O  ports  so  that  I/O  occupies 
memory  addresses  $8000-$80lF.  Again,  due  to  partial  address 
decoding,  the  I/O  ports  respond  to  multiple  addresses  — 
alternate  32  address  blocks  from  $8000  to  $0FFF  (i.e.. 
repeats  $8000-$3ClF,  $8040-$805F,  $8080-$809F,  etc).  The 
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Fiq.  3-2.  Memory  Map  of  M.i croprocessor 


i 


scratch  pad  RAM  rolls  over  throughout  $A000  to  $BFFF.  The 
memory  map  of  the  system  is  shown  in  Fig  3-2. 

This  configuration  allows  the  user  to  install  a 

continuous  run  of  memory  from  $0000  to  $7FFF  (32  kbytes) . In 
addition,  eight  kbytes  are  available  to  the  user  from  $C000 
to  $DFFF.  Additional  memory  areas  may  be  used  but 

modifications  to  the  existing  circuit  boards  would  be 
necessary  to  more  fully  decode  the  addresses  of  the  system. 

Operating  System  (HIKbug) 

MIKbug  is  the  name  of  a monitor  program  written  by 
Motorola  for  the  M6800  microprocessor.  It  is  designed  to  use 
a serial  communication  loop  with  a terminal  such  as  a CRT  or 
a teletype.  The  data  transfer  actually  occurs  through  a 
parallel  interface  adapter  (PIA)  (Ref  G)  but  the  software 
converts  the  data  to  a serial  mode  using  only  one  input  and 
one  output  line  of  the  PIA.  MIKbug  (Ref  1)  allows  the  user 

to  perform  one  of  five  functions  with  a single  character 

* input  command  from  the  keyboard.  These  commands  and  their 
functions  are  as  follows: 

(1)  R Examine  the  contents  of  the  stack.  This  actually 
examines  the  contents  of  seven  memory  locations  ($A043  to 
$A049 ) wfich  will  be  loaded  into  the  condition  cede  register 
(CC) , the  A accumulator  (ACCA) , the  B accumulator  (ACCB) , 
the  index  register  (X) , and  the  program  counter  (PC) 
respectively  when  the  go  to  user  program  command  is  given. 
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(2)  G Go  to  user's  program.  This  command  causes  a 
return  from  interrupt  instruction  to  be  executed.  This  loads 
the  registers  from  the  stack  and  begins  execution  at  the 
address  which  was  loaded  into  the  program  counter  (from 
$A048  and  $A049) . 

(3)  M Memory  examine  or  change  function.  This  allows 
the  user  to  examine  any  memory  location  and  change  its 
contents  (if  that  location  is  RAM) . This  routine  returns  a 
question  mark  if  the  contents  of  the  desired  memory  location 
did  not  change  to  the  desired  data. 

(4)  P Print/Punch  contents  of  memory  function.  This 
outputs  data  between  the  beginning  address  (stored  in 
$A002/3)  and  the  ending  address  (stored  .in  $A004/5)  with  the 
appropriate  checksums  and  addressing  information  for  use 
when  re-loading  the  data  using  the  memory  loader  function. 

(5)  L Memory  leader  function.  This  allows  the  user  to 
load  tapes  which  were  saved  using  the  print/ punch  function. 

Several  routines  in  the  MIKbug  monitor  are  written  as 
subroutines  and  may  be  called  by  the  user's  program.  The 
moot  frequently  used  of  these  subroutines  are  INEEE  (input 
one  ASCII  character  from  the  control  port  and  put  it  in  the 
A accumulator)  and  OUTEEF  (output  the  character  contained  in 
the  A.  accumulator  to  the  control  port)  . These  subroutines 
start  at  $E1AC  and  $E1D1  respectively.  Several  modifications 
were  made  to  these  subroutines  to  allow  the  routing  of  all 


output  to  ports  other  then  the  control  port.  Those 


i 
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modifications  are  described  in  chapter  V.  Software  listings 
are  provided  in  Appendix  A. 

Summary 

The  M6800  microprocessor  was  selected  primarily  because 
of  its  treatment  of  I/O  as  memory,  its  low  cost,  and  the 
availability  of  a software  development  system.  An  overview 
of  the  basic  microprocessor  system  which  includes  a video 
terminal,  a cassette  interface,  and  a microprocessor  has 
been  presented  to  acquaint  the  reader  with  the  microcomputer 
system  which  is  used  to  control  the  testing  of  the  NCR  2031. 
The  reader  is  referred  to  References  5 end  7 for  more, 
detailed  information  concerning  the  -hi 800  microprocessor . 
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IV.  m'.VRhOPHlINT  OF  r.VS'l’F.M  llAUDWAUT’. 

Tn  ‘.reduction 

This  chapter  will  describe  the  development  of  an 
interface  that  is  required  to  connect  the  microcomputer  to 
the  memory  under  test  (MUT) . This  interface  must  allow  for 
either  hardware  or  software  control  of  the  timing  signals 
for  write,  erase,  and  read  operations.  The  NCR  20 SI  lias  16 
data  lines  (bidirectional),  5 address  lines  (inputs),  and  4 
mode  control  lines  (inputs) . The  interface  must  th  mi  allow 


for  bidirectional 

data 

flow 

on  16  data  lines 

and 

un  id.i  rect.ional  data 

flow  ( f:  ■ 

;om  the 

processor  to  viu*  MUT) 

on 

address  liners  and 

4 mode 

control 

J. i n e s . In  add i t: i. o n , 

two 

power  supply  voltages  are  required  (+5v  and  -29v) . A 
parallel  interface  card  is  required  for  connection  to  the 
HP-90G6A  line  printer,  and  a serial  interface  card  is 
required  to  connect  the  system  to  the  HP  9820A  calculator 
sys tom . 

Par. i lie  I I /O  Port  Conf  i gin  at. ion 

The  parallel  interface  cards  which  are  designed  for  the 
SWTPC  116800  microprocessor  system  will  not:  provide  the 
desired  bidirectional  data  flow  capability  for  the  MNOS 
tester  without  some  modifications.  The  MC6820  parallel 
interface  adapter  (PIA)  integrated  circuit  is  used  on  the 
parallel  interface  card.  It  consists  of  two  eight  bit 
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parallel  bidirectional  data  ports.  Ikich  data  port  has  one 
.input  control.  I mo  slid  ono  bi d i root lonal  control  tmo.  (All 
liiiinw’t  ional  l moo  must  bo  prop rammed  for  either  input  or 
output  but  may  bo  reprogrammed  under  sot  (ware  control,  bach 
lino  may  bo  individual ly  prop  rammed  Tor  input  oi  output.) 
Ono  oi  these  eight  bit  ports  (called  the  h side)  has  TT1. 
eompal.tble  output  drivers  which  arc  capable  v > t driving  ono 
TTl.  load.  The  other  port  (A  side)  has  loss  drive  capability 
but  will  drive  a low  power  TTL  loan  or  a MOc  circuit. 

The  parallel  interlace  cards  designate  the  h side  ot 
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required  and  t hi'  h aide  of  two  parallel  inter  face  cards  will 
meet  this  requirement.  In  ordoi  to  oliminato  the  buffering 
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on  the  13  aide  and  leave  the  A side  buffers  operational, 
headers  are  installed  in  the  I.C.  sockets  with  junipers 
soldered  between  the  appropriate  pins  to  allow  direct 
connections  from  the  PIA  13  side  to  the  1/0  connector  on  the 
interface  card.  Since  one  I.C.  on  each  card  provided 
buffering  for  data  lines  on  both  the  A and  13  sides  of  the 
PIA,  it  was  necessary  to  install  an  I.C.  socket  on  the 
header  with  connections  made  only  to  the  pins  which  connect 
the  buffers  to  the  A side  of  the  PIA  (Sec  Fig  4-1).  With 
these  changes,  the  two  parallel  ports  provide  the  following 
I/O  capability: 

16  bidirectional  TTL  computable  data  lines 
16  buffered  output  data  lines 
2 buffered  output  control  lines 
2 unbuffered  input  control  lines 

Interface  to  NCR  2051 

Since  all  I/O  signals  to  the  NCR  2051  are  TTL 
computable,  an  interface  is  relatively  simple  to  design. 
Only  one  pin  on  the  NCR  2051  has  a non-standard  TTL  voltage 
requirement  and  that  is  the  -?0v  power  supply.  This  input 
will  accept  any  power  which  has  a voltage  of  -29v  plus  or 
minus  1.5v.  The  current  drain  from  this  supply  is  most 
demanding  when  the  memory  is  being  road.  The  power  supply 
must  be  capable  of  supplying  a maximum  of  12  mu  (Ref  '))  . To 
moot  this  requirement,  a dual  power  supply  (+i5v  and  -15v) 
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Header  to  Header  to 

Replace  ICft3  Replace  ICft4 


NOTE; 

Before  installing  an  IC  socket  on  the  header 
for  IC#4,  cut  pins  # 11,  12,  13,  6 14  off  the 
socket  so  that  there  is  no  contact  between 
those  pins  on  the  1C  and  the  cor responding 
pins  on  the  header.  There  is  no  ;.ockot  on 
the  header  which  replaces  JC#3. 

Install  jumpers  J1  through  J8  on  the  headers. 


Fig.  4-1.  Headers  for  MP-L  Parallel  Interface  Cards 
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is  selected.  Two  forward  conducting  diodes  (IN  4004)  are 
added  to  the  output  of  the  stacked  power  supplies  (-30v)  to 
reduce  the  output  voltage  to  28. Ov  (See  Fig  4-2).  A 28v 
power  pak  would  have  met  this  requirement  more  easily; 
however,  it  was  not  in  stock  and  the  lead  time  was  too  long 
to  allow  waiting  for  this  particular  supply.  The  30  volt 
power  pak  (dual  15v)  was  in  stock  so  it  was  used.  The  fi.ve 
volt  power  requirement  is  supplied  by  a three  terminal 
voltage  regulator  (LM  340-T) . The  input  voltage  of  eight 
volts  is  supplied  to  the  voltage  regulator  by  the 
unregulated  eight  volt  power  supply  in  the  microprocessor 
(Ref  6)  . 


Since 

the  sy shorn 

being  developed 

is  to 

be  used  t'or 

laboratory 

testing  of 

the  memo r i os  as 

well  at 

j performing 

acceptance 

tests,  it  is 

desirable  to  be 

able  to 

control  the 

timing  parameters  and  to  provide  a means  of  changing  these 
parameters  either  with  hardware  ( switches  etc.)  or  with 
software.  The  finest  resolution  of  timing  which  may  be 
obtained  with  software  changes  is  equivalent  to  the  length 
of  time  required  to  execute  the  shortest  instruction.  For 
the  HG800  the  shortest  instruction  requires  two  machine 
cycles  to  execute.  With  the  system  clock  of  the  SWTPC 
processor  running  at  898.5  khz  (normal  frequency),  this 
corresponds  ho  1.113  ps/cycle  or  2.22G  ps  as  the  finest 
resolution  possible.  Unfortunately  the  shortest  time 
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required  to  change  the  state  of  one  output  data  line 
(generate  a pulse)  is  the  time  required  for  the  shortest 
instruction  which  will  change  the  state  of  the  output  (a 
store  accumulator  instruction)  to  be  executed  (or  five 
machine  cycles) . (The  store  accumulator  direct  instruction 
is  executed  in  4 cycles  but  cannot  be  used  since  the  address 
of  the  I/O  ports  is  not  in  the  lower  256  bytes  of  memory) . 
This  corresponds  to  a minimum  software  I/O  pulse  time  of 
5.565  us. 

While  the  processor  minimum  I/O  pulse  time  and 
resolution  time  combination'  is  acceptable  for  some  timing 
requirements  such  as  erase -and  write  tines  (40  to  230  ms), 
it  is  not  within  the  range  of  times  needed  for  such  things 
as  the  clock  signal  (2  to  20  ms)*  Since  software  control  of 
the  erase  and  write  times  is  possible  using  only  the 
microprocessor  hardware,  it  is  accomplished  with  software 
and  is  described  in  chapter  V.  Two  alternatives  (to 
software)  were  considered  foir  control  of  signals  with  times 
too  short  to  be  directly  implemented  with  software:  (1) 
hardware  timing  circuits  such  as  one  shot  multivibrators  and 
(2)  hardware  timing  circuits  which  are  software  controlled 
such  as  presettable  countdown  timers.  Due  to  the  laboratory 
testing  use  of  this  system,  the  hardware  circuit  vas 
selected  since  it  gives  greater  resolution  (continuous  vs. 
incremental).  If  the  system  is  to  be  used  exclusively  for 
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acceptance  testing,  the  latter  of  the  two  methods  is 
recommended  since  it  provides  for  full  software  control  over 
all  timing  circuits. 

The  address  lines  as  well  as  the  mode  control  lines  are 
all  input-only  lines  to  the  MNOS  memory  and  therefore  are 
straight-forward  to  interface  with  the  PIA.  In  fact,  the 
buffered  outputs  of  the  parallel  interface  cards  are 
connected  directly  to  the  test  socket  for  the  memory  under 
test  (tlUT)  . This  includes  all  address  and  mode  control  lines 
except  for  the  mode  control  line  Cl  (See  Fig  4-3)  , where  a 
TTL  inverter  is  placed  between  the  buffer  and  the  Cl  pin  of 
the  I1UT  tost  socket.  This  inverter  is  used  so  that  a zero 
written  into  the  PIA  data  register  bit  associated  with  Cl 
places  the  mode  logic  in  a read  mode  rather  than  a write 
mode . 

It  is  desirable  from  a laboratory  testing  point  of  view 
to  be  able  to  sample  the  data  output  lines  of  the  NCR  2051 
at  some  specified  time  relative  to  the  read-clock  pulse  in 
order  to  evaluate  the  access  time  of  the  memory.  This 
capability  is  provided  by  latches  (See  Fig  4-3)  which  are 
connected  to  the  data  lines  of  the  MUT  test  socket  and  are 
controlled  by  one  of  the  output  lines  from  the  parallel 
ports.  The  limiting  factor  with  this  method  of  control  is 
also  the  processor  speed.  The  shortest  access  time  which  may 
bo  tested  using  this  method  is  5.56  ps  with  a 2.22  us 
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resolution.  If  greater  resolution  or  shorter  test  times  are 
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required/  then  the  same  choice  as  that  made  for  the  read 
clock  timing  circuit  must  be  made.  However,  since  in  the 
applications  for  this  device  the  speed  is  not  a critical 
factor,  the  resolution  thus  obtained  is  satisfactory  because 
we  are  not  interested  in  evaluating  the  actual  access  time. 
We  are  instead  only  concerned  with  whether  the  access  time 
is  less  than  or  equal  to  5.56  ps. 

Since  the  FIA  outputs  have  relatively  low  drive 
capability  and  the  HUT  is  connected  to  the  PI A with  a four 
foot  ribbon  cable,  it  is  necessary  to  provide  buffering 
between  the  PIA  and  the  HUT.  This  buffering  will  ensure  that 
sufficient  drive  is  provided  to  the  MUT  for  proper 
operation.  In  order  to  provide  buffering  between  the  PIA  and 
the  HUT  in  both  directions  and  to  implement  the  above 
mentioned  latching  circuits,  the  circuit  design  shown  in  rig 
4-4  is  designed  to  interface  all  sixteen  data  lines  from  the 
PIA  to  the  MUT.  The  status  of  the  tri-state  buffers  as  well 
as  the  latches  is  controlled  by  TTT.  inverters  which  are 
driven  by  the  buffered  outputs  from  the  PIA.  The  inverters 
are  used  so  that  the  lines  are  active  when  ones  are  written 
into  the  PIA  data  register  biL  which  corresponds  to  the  line 
bo i ng  considered . 

An  interface  which  connects  the  microcomputer  to  the 
MCI’  2051  has  been  described.  The  interface  includes  TTL 
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inverters,  latches,  a one  shot  multivibrator,  and 


two  power  supplies  ( + 5v  and  -28. 8v).  Software  control  is 
provided  for  erase  and  write  pulse  widths  while  hardware 
control  is  provided  for  the  read-clock  pulse. 


Lino  Pr inter  Port 

In  order  to  provide  the  capability  to  route  data  output 
to  a line  printer,  an  interface  must  be  designed  and 
constructed  which  will  connect  the  test  system  to  the  line 
printer.  This  is  accomplished  by  utilizing  a parallel 
interface  card  provided  by  SWTPC . The  buffered  output  side 
(seven  bits  from  side  A)  of  me  parallel  interface  card  can 
be  connected  directly  to  the  seven  bit  ASCII  input  of  the 
IIP  9866A  line  printer  through  the  connector  provided  on  the 
back  of  the  printer  (Ref  3).  Handshaking  is  provided  through 
control  lines  CA1  and  CA2  which  may  also  be  connected 
directly  from  the  processor  interface  card  to  the  line 
printer  connector  (See  Fig  4-5) . The  Flag  output  from  the 
' line  printer  is  an  open  collector  device  which  requires  a 
pull-up  resistor.  This  resistor  may  be  added  to  the  parallel 
interface  card  and  is  to  bo  installed  between  the  + bv  power 
supply  and  the  CA1  input  from  the  edge  connector  on  the 

card.  If  the  clear  line  from  the  line  printer  (clears 

printer  line  buffer)  is  to  be  used,  care  must  be  taken  to 

shield  it  from  the  other  lines  to  prevent  crosstalk. 

Crosstalk  can  cause  intermittent  clearing  of  the  printer 
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lino  buffer  and  loss  of  information  to  be  printed.  It  should 
bo  noted  that  the  data  which  is  written  into  the  FIA  data 
resistor  for  the  line  printer  output  must  be  comp  1 cemented 
before  it  is  written  since  the  printer  uses  inverted  logic 
at  its  inputs. 

Soria  1 X /0  Port 

The  serial  I/O  port  is  to  be  used  in  two  different 
output  configurations  (See  Fig  4-6) . Either  a teletype  using 
a 20  ma  current  loop  at.  110  baud  or  the  IIP  90 20 A calculator 
system  using  an  US-232  interface  .it  1200  baud  may  be 
connected  to  the  serial  port  (Red:  C)  . The  connection  to  the 
calculator  system  is  made  through  a serial  interface  (UP 
mcclel  1 1205A)  which  is  provided  by  Hewlett  Packard.  This 
card  plugs  into  one  cf  the  system  party  line  buss  slots  in 
the  HP  9 020 A controller  and  is  user  programmable  for  110  to 
1200  baud  operation  with  1 or  2 stop  bits.  For  this 
application,  operation  at  1200  baud  with  2 stop  bits  will  be 
selected  for  rapid  data  transfer  and  programming 
compiitability  with  the  2 bi  t operation  of  the  teletype  (the 
serial  port  will  always  ba  programmed  for  2 stop  bit 
operation) . 

Mi  preprocessor  Hoard  Med i float ion 

In  order  to  make  software  changes  to  the  MIKbug  monitor 
program  which  is  provided  in  factory  programmed  ROM  (See 
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MOTK : 

SI  is  shown  in  the  position  for  teletype  I/O. 

MOD  1 1’  IC  AM’  I ON  S TO  MP-S  S PHIAL  TNTLHKACl  POAKDs 

(1)  Add  a jumper  from  the  111)  baud  solder  pad 
to  the  index  pin  on  the  I/O  plu<j. 

(2)  Add  n jumper  from  the  1200  baud  solder  pad 
to  the  CO  output. 


Wirintj  Diagram  of  Serial  i/O  Port 
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System  Monitor  Chapter  V.  ) , it  is  necessary  to  change  the 

t 

circuit  board  which  contains  the  ROM  so  that  it  will  accept 
an  EPROM  which  can  be  programmed  with  the  modified  version 
oi'  MIKbug.  To  accomplish  this,  a circuit  board  was 
fabricated  which  contains  a socket  for  a TMS  2710  EPROM,  an 
SN7420,  and  a zener  diode  to  regulate  the  -5v  required  by 
the  2708.  Some  resistors  and  capacitors  were  also  included 
on  the  board.  A header  was  installed  so  that  the  resulting 
assembled  circuit  board  could  be  plugged  into  the  existing 
socket  for  the  MIKbug  ROM.  One  conductor  on  the  processor 
board  must  be  cut  and  a jumper  installed  so  that  address 
line  A9  runs  to  pin  15  on  the  MIKbug  ROM  socket.  This 
additional  address  line  is  required  since  the  2700  occupies 
102-1  bytes  of  memory  space  while  MIKbug  occupies  only  512 
bytes.  Two  jumpers  must  also  be  installed  from  the  + 12v  and 
-12v  pins  on  the  processor  board  edge  connector  to  the  new 
circuit  board  which  is  plugged  into  the  MIKbug  ROM  socket 
(See  Fig  4-7) . 

Summary 

The  hardware  design  for  connection  of  the 
microprocessor  system  to  the  HUT  has  been  discussed.  The 
modifications  to  the  SWTPC  parallel  interface  cards  which 
are  necessary  for  their  use  to  drive  the  interface  are 
described  in  detail.  The  interface  itself,  along  with  timing 
considerations,  is  discussed.  A line  printer  to 
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microprocessor  interface,  as  well  as  a calculator 
system/ tele type  to  microprocessor  interface,  have  also  been 
described . 


V.  SYSTEM  SOFTWARE  DEVELOPMENT 


Introclu  ction 

This  chapter  describes  the  development  of  the  software 
which  is  necessary  to  implement  the  testing  of  the  NCR  2051. 
The  software  must  sequence  the  microcomputer  system  in  such 
a way  as  to  implement  the  test  algorithms  which  have  been 
developed  based  on  the  acceptance  testing  requirements. 
These  algorithms  are  described  in  detail  here,  (See  Appendix 
B for  software  listings) . In  order  to  simplify  the  transfer 
of  information  to  the  desired  output  device  (control 

terminal,  IIP  9820A  calculator  system,  HP  986CA  line  printer, 
or  a teletype)  a system  monitor  is  developed  based  on  a 
modified  version  of  the  MIKbug  monitor  and  is  presented  in 
this  chapter.  A monitor  for  the  testing  routines  is  needed 
in  order  to  allow  the  operator  to  select  the  desired  test 
algorithm  and  control  the  related  timing  parameters.  A 
discussion  of  this  monitor  followed  by  a description  of  some 
• of  the  frequently  called  general  subroutines  is  also 

contained  in  this  chapter. 
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Since  pattern  sensitivity  tests  are  the  most  effective 
method  of  testing  the  MNOS  memory  (Ref  10),  four  different 
algorithms  which  are  commonly  employed  to  test  random  access 
memories  (RAM)  have  been  implemented  for  the  NCR  2051  using 
the  M6800  microcomputer  system.  The  software  has  been 
developed  using  subroutines  extensively.  This  allows  the 
addition  of  future  software  without  having  to  duplicate  the 
existing  functions  which  are  used  in  che  new  software. 
Flowcharts  of  these  algorithms  are  included  in  Appendix  E.  A 
description  of  each  algorithm  "follows : 

MARCH  (Write  and  read/write  forward  and  backward) 

A background  pattern  is  written  into  all  memory 
locations.  All  addresses  are  then  read  and  compared  with  the 
background  pattern  to  verify  that  the  entire  memory  contains 
the  background  pattern.  If  any  errors  arc  detected,  the  type 
of  the  error  is  printed  on  the  output  device  (ERR-BCKGND 
* VERIFY)  followed  by  the  data  which  is  written,  the  data 
which  is  read,  and  the  address  at  which  the  error  occurs. 
Each  occurrence  of  an  error  causes  an  error  message  to  be 
printed. 

Starting  with  the  lowest,  address , each  memory  location 
is  read  and  again  compared  with  the  background  test  pattern. 
If  an  error  is  detected,  the  type  of  error  is  printed  on  the 
output  device  (ERR-TYPE  1)  followed  by  the  written  data,  the 
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read  data,  and  the  address  of  the  error.  The  memory  location 
is  then  written  with  a test  word  (usually  the  complement  of 
the  background  pattern,  since  this  represents  the  most 
rigorous  test,  but  it  is  selected  by  the  system  operator) . 
This  sequence  is  continued  (incrementing  through  memory) 
until  the  top  address  is  reached.  At  this  time,  the  entire 
memory  contains  the  test  word. 

Starting  with  the  top  address  this  time,  each  memory 
location  is  read  and  compared  with  the  test  word.  If  an 
error  is  detected,  the  typo  of  error  (ERR-TYPE  2)  is  printed 
on  the  output  device  followed  by  the  data  written  (test 
word) , the  data  read,  and  the  address  of  the  error.  The 
background  pattern  is  then  re-written  into  that  memory 
location  and  the  sequence  continues  (decrementing)  until  the 
bottom  address  of  memory  is  reached.  At  this  time  the  memory 
is  once  again  filled  with  the  background  pattern.  The 
background  pattern  is  again  verified  starting  with  address 
zero  and  incrementing  through  memory.  Errors  are  noted  by 
printing  ERR-BCKGND  VERIFY  followed  by  the  written  data 
(background  pattern) , road  data,  and  the  address  of  the 
error.  Since  ail  of  the  test  programs  are  written  as 
subroutines , a return  from  subroutine  instruction  is  then 
executed. 

HASEST  (Alternating  I's  and  0's) 

Starting  with  location  zero,  alternating  words  of  all 
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ones  or  all  zeroes  are  written  throughout  the  memory.  This 
provides  an  effective  test  for  interaction  between  adjacent 
memory  cells  since  they  will  have  the  alternating  pattern 
stored  in  adjacent  cells.  (This  program  is  automatically 
executed  twice  with  all  ones  written  into  location  zero  the 
first  time  and  all  zeroes  written  into  location  zero  the 
second  time.)  The  memory  is  sequentially  read  (starting  with 
address  zero)  and  the  contents  of  each  memory  location 
verified.  If  an  error  is  delected,  ERR-TYPE  6 will  be 
printed  on  the  output  device  followed  by  the  data  written, 
data  read,  and  the  address  of  the  error.  The  memory  is  then 
read  and  the  contents  verified  in  the  following  sequence 
starting  with  address  zero  and  ascending  through  the  memory: 
address,  complement  of  address,  address;  address  + 1, 
complement  of  address  + 1,  address  + 1,  etc.  If  an  error  is 
detected,  ERR-TYPE  4 will  be  printed  on  the  output  device 
for  odd  addresses  (ERR-TYPE  5 for  even)  followed  by  the  data 
written,  data  read,  and  the  address  of  the  error.  Again 
starting  with  address  zero,  the  memory  is  sequentially  read 
and  the  contents  of  each  location  verified.  As  with  all  of 
the  test  routines,  when  the  second  run  is  completed  a return 
from  subroutine  is  executed. 

WARP AT  (Walking  pattern) 

A background  pattern  is  written  throughout  the  memory 
and  then  verified.  Errors  detected  are  reported  as 
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EKU-BCKGND  VERIFY  followed  by  the  data  written,  data  read, 
and  the  address  of  the  error.  Starting  with  address  zero,  a 
test  word  is  written  into  one  location  then  the  entire 
memory  is  sequentially  read  and  verified  (starting  with 
address  zero  and  incrementing) . The  background  pattern  is 
then  restored  to  the  address  which  contains  the  test  word 
and  the  next  higher  address  is  written  with  the  test  word 
etc.  until  tha  memory  has  been  fully  tested  using  this 
sequence.  Errors  which  are  detected  are  reported  as 
ERR— TYPE  1 for  locations  which  should  contain  the  background 
pattern  (ERR- TYPE  2 for  those  which  should  contain  the  test 
word)  followed  by  the  usual  string  of  data.  When  execution 
is  complete,  the  MUT  will  contain  the  background  pattern  in 
all  locations  and  a return  from  subroutine  instruction  is 
executed. 

GAL PAT  (Galloping  pattern) 

A background  pattern  is  written  throughout  memory  and 
• then  verified.  Errors  are  reported  as  ERR-BCKGND  VERIFY 
followed  by  the  data  written  (background  pattern) , the  data 
read,  and  the  address  of  the  error.  A test  word  is  written 
into  one  location  starting  with  address  zero,  then  the 
memory  is  road  and  each  location  verified  .in  the  following 
sequences  first  background  location,  tost  word  location, 
first  background  location;  second  background  location,  test 
w'ord  location,  second  background  location;  etc.  Errors 
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detected  are  reported  as  KRR-TYPE  7 for  background  locations 
(ERR- TYPE  8 for  test  word  locations)  followed  by  the  data 
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written,  the  data  read,  and  the  address  of  the  error. 

The  background  pattern  is  then  restored  to  the  test 
word  location  and  the  test  v/ord  written  into  the  next  higher 
address.  The  verify  routine  is  then  repeated.  This  sequence 
continues  until  the  test  word  reaches  the  top  address  in 
memory . The  contents  of  the  test  word  and  the  background 
pattern  are  then  swapped  and  the  entire  test  procedure  is 
repeated.  After  the  second  pass,  the  contents  of  the 
background  pattern  and  the  test  word  are  again  swapped  so 
that  they  will  be  the  same  as  when  the  test  program  was 
entered.  The  iMUT  will  contain  the  original  tost  word  in  all 
memory  locations  when  the  return  from  subroutine  instructs  on 
is  executed. 
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System  Monitor 

A microcomputer  system  should  have  a system  monitor 
which  takes  care  of  certain  housekeeping  chores  such  as 
initially  programming  the  I/O  port  through  which  the 
operator  communicates  with  the  system.  An  alternative  to 
this  approach  is  ix  switch  panel  which  is  designed  to  allow 
the  operator  to  read  and  write  data  from  memory  locations  by 
depressing  switches  and  observing  some  sort  of  optical 
display  to  determine  the  state  of  each  bi t in  a memory 
location.  The  switch  panel  is  not  very  practical  for  the 
M6800;  however,  and  it  is  not  available  on  any  M6800  based 
microcomputer  kit  (this  is  due  to  circuit  complexity  and 
cost) . The  software  is  to  be  written  so  that  all 
input/output  communications  between  the  microprocessor  and 
the  human  operator  pass  through  the  system  monitor  (i.e. 
modified  version  of  MIKbug) . Rather  than  write  several  I/O 
routines,  it  is  more  efficient  to  modify  the  MIKbug  monitor 
* to  provide  for  routing  the  output  data  to  one  of  three  I/O 
ports.  With  this  method,  the  operator  may  route  any  output 
which  would  normally  appear  on  the  control  terminal  to  a 
parallel  port  (connected  to  the  HP  line  printer)  or  to  a 
serial  port  (which  may  be  connected  to  either  a teletype  or 
to  the  HP  calculator  system) . 

Since  the  MIKbug  monitor  is  provided  in  ROM,  it  is 
necessary  to  perform  some  hardware  modifications  to  the  main 
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processor  board  of  the  system  .in  order  to  install  an  EPROM 


containing  the  new  version  of  the  system  monitor.  This 


modification  is  described  in  chapter  IV.  A TMS  2708  EPROM  is 


used  to  provide  space  for  a one  kbyte  monitor  to  replace  the 


512  byte  MIKbug  monitor. 


The  input  and  output  character  routines  are  changed  so 


that  if  the  route  command  is  enabled  (I'lagl  = 0)  a specified 


input  character  causes  the  route  selection  program  to  be 


entered  (See  flowcharts  in  Appendix  E.).  A control  P is 


selected  because  it  is  a character  which  is  not  used  for  any 


other  purpose  within  the  system.  Upon  entry  into  the 


routine,  the  comment  "SELECT  DESIRED  OUTPUT  DEVICE  - TER, 


TTY,  PRTR"  is  printed  on  the  control  terminal  (independent 


of  the  previous  output  destination) . The  user  then  responds 


with  at  least  the  first  two  characters  of  the  output  device 


code  (TE,  TT,  or  PR)  followed  by  a carriage  return.  A 


message  is  then  printed  to  assure  the  user  of  the  output 


destination  and  Flag2  is  set  to  direct  the  system  output  to 


the  proper  output  device  (if  Flag2  - 0 then  the  output  goes 


to  the  control  terminal,  if  Flag2  is  positive  then  the 


output  goes  to  the  serial  port,  and  if  Flag2  = negative  the 


output  goes  to  the  line  printer) . Control  is  then  returned 


to  whatever  program  was  running  when  the  route  command  was 


entered.  The  route  selection  program  is  completely 


transparent  to  any  program  that  may  be  in  progress. 


It  may  be  desirable  in  some  instances  to  inhibit  the 
route  selection  program  (such  as  when  loading  cassette 
tapes,  which  have  been  recorded  in  binary  format  and  may 
contain  the  equivalent  of  an  ASCII  control  P,  into  the 
system)  . This  is  easily  ciccomplished  by  setting  Flag  ! to  any 
nonzero  value  before  entering  the  loader  program.  As  a 
precaution,  the  MIKbug  memory  loader  function  is  changed  to 
provide  this  feature  even  chough  a control  P should  not  be 
encountered  on  a tape  which  is  recorded  in  the  MIKbug 
format.  Due  to  the  method  used  to  end  the  MIKbug  memory 
loader  function,  (the  return  is  shared  with  the  return  from 
other  MIKbug  functions)  it  is  necessary  to  add  a third  flag 
to  indicate  when  a load  is  in  progress.  This  directs  the 
return  routine  to  re-enable  the  route  command  if  a load  is 
in  progress . 

Both  port  initialization  and  output  character  routines 
are  included  to  drive  the  two  additional  output  ports.  The 
data  output  to  the  serial  port  is  in  standard  ASCII  code, 
but  the  data  output  to  the  parallel  port  is  complemented 
ASCII  code  as  the  input  to  the  printer  is  inverted  logic. 
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Vest-.  Monitor 

Since  it  is  desired  that  the  operator  control  which 
test  program  is  to  be  executed,  a monitor  program  is 
necessary  to  allow  the  operator  of  the  rest  system  to  select 
the  desired  test  program.  The  names  of  each  test  subroutine 
and  the  codes  which  select  the  subroutines  are  displayed  on 
the  output  device.  The  monitor  also  enables  the  operator  to 
select  the  desired  pulse  widths  (for  write  and  erase)  as 
well  as  the  background  test  pattern  and  test  word  which  is 

used  by  the  tost  programs  (See  flowchart  in  Appendix  K. ) . 

This  enables  the  test  programs  to  be  executed  using  the 

minimum  and  maximum  pulse  widths  listed  in  the 

specifications  for  the  NCR  20.‘31.  (When  the  system  is  to  be 
used  in  a laboratory  testing  application,  it  is  desirable  to 
have  the  capability  to  execute  each  test  program  with  any 
operator  specified  pulse  widths  and  data  patterns  for  the 
background  pattern  and  the  test  word.) 

• When  the  test  monitor  is  entered,  the  names  of  all  the 

subroutines  and  the  code  used  to  select  each  subroutine  are 
displayed  on  the  output  device  which  is  selected  by  the 
output  selection  routine.  The  display  appears  as  in  Fig  5-1. 
This  gives  the  operator  an  immediate  list  of  all  the  codes 
from  which  he  may  look  up  the  code  for  the  particular 
program  he  wishes  lo  run.  It  also  serves  as  a directory  of 
all  available  tost  programs  and  may  be  lengthened  as  now 
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programs  are  added.  In  order  to  place  the  entire  tost 
software  package  in  a 2 kbyte  EPROM  memory  block,  no 
headings  are  displayed  at  the  top  of  each  column.  This 
should  present  no  problems  as  the  operator  will  soon 
memorize  the  meaning  of  each  column  and  will  have  no  need 
for  the  headings. 
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Fig.  3-1.  Test  Program  Directory 


2V  program  is  selected  by  typing  in  a two  digit  code 
(leading  zeroes  are  not  necessary)  followed  by  a carriage 
return.  The  inpur  routine  is  written  so  that  it  accepts  only 
the  last  two  entries.  If  an  error  is  made  while  typing  the 
input  code,  it  may  be  corrected  by  simply  retyping  both 
digits  (if  only  one  digit  is  re-entered  the  program  will 
look  at  the  last  two  entries  and  produce  an  error)  or,  if 
desired,  a control  X will  cause  the  deleted  message  to  be 
printed  and  allow  the  input  to  be  re-entered.  If  a carriage 
return  is  entered  before  the  error  is  noted,  a control  C 
returns  the  system  to  the  test  monitor  entry  point  and  the 
test  routine  list  is  printed  again.  The  control  C has  this 
effect  at  anytime  except  when  the  system  is  executing  a test 
program  (a  control  C will  be  ignored  in  this  case) . 
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The  first  four  entries  in  the  test  subroutine  directory 
are  test  programs  which  run  a specified  test  on  the  MUT  and 
are  explained  in  detail  later  in  this  chapter.  The  fifth 
entry  is  the  subroutine  that  displays  the  contents  of  the 
MUT.  This  program  prints  each  address  followed  by  its 
contents  so  that  the  complete  memory  is  displayed  on  a 16 
line  CRT  display  at  one  time. 

The  sixth  entry  is  the  pulse  widths  display/change 
subroutine.  This  program  displays  the  contents  of  a pair  of 
two  byte  temporary  storage  locations  which  represent  the 
current  pulse  widths  associated  with  the  write  and  erase 
functions.  These  concatenated  memory  bytes  are  loaded  into 
the  index  register  to  provide  a software  delay  loop  whose 
length  is  determined  by  the  number  contained  in  the  memory 
locations  (tho  number  of  times  the  delay  routine  passes 
through  tho  delay  loop  is  equal  to  the  number  contained  in 
tho  memory  storage  locations).  When  the  tost  monitor  is 
entered,  these  two  registers  are  preset  to  1000  IiEX  (all 
entries  are  intrepreted  as  hexadecimal  numbers) . When  the 
display/change  routine  is  entered,  the  current  value  stored 
in  the  two  registers  will  be  displayed  and  the  user  may 
input  new  values  if  so  desired.  Once  a change  is  made,  the 
new  write/erase  times  will  be  displayed  and  will  remain  in 
efface  until  they  are  cnanged  by  using  the  display/change 
routine  or  by  entering  the  test  monitor  through  tho  initial 
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entry  point  (values  are  then  reset  to  1000  IIEX).  The  times 
which  the  hexadecimal  numbers  represent  may  be  found  in 
Appendix  D. 


General  Subroutines 


Since  subroutines  are  used  extensively  in  the  system 
software  development,  it  is  important  to  describe  the 
operation  of  some  of  the  most  frequently  used  routines  in 
detail.  (See  Appendix  B for  complete  software  source 
lis  tings . ) 


WIN IT  (Write  initialization) 

This  subroutine  performs  the  required  initialization  of 
the  PI A registers  to  program  the  I/O  ports  for  a write 
operation.  It  is  entered  only  if  the  previous  I/O  operation 
to  the  memory  under  test  (MUT)  is  a read  operation. 


WRITE 

The  write  subroutine  causes  the  data  stored  in  WDATA  to 
be  written  into  the  MUT  at  the  address  that  is  stored  in 
ADDR.  (tee  Flowchart  in  Appendix  E.)  Upon  entry  into  this 
subroutine,  it  is  assumed  that  the  address,  data  to  be 
* written,  erase  pulse  width,  and  write  pulse  width  have  all 
been  stored  in  the  appropriate  memory  storage  registers. 
(The  address  is  stored  in  the  memory  register  called  ADDR, 
the  data  to  be  written  is  stored  in  WDATA,  the  erase  pulse 
width  is  stored  in  EPWID,  and  the  write  pulse  width  is 
stored  in  WPWID.)  The  routine  first  tests  to  see  if  the  I/O 
ports  are  programmed  for  a read  or  for  a write  operation.  If 
they  are  programmed  for  reading  then  a branch  to  subroutine 
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is  issued  to  the  WINIT  subroutine  to  progriuu  tho  ports  for 
writing.  The  WMODE  flag  is  then  tested  to  determine  what 
operation (s)  is (are)  to  be  performed  on  the  MUT.  If  WMODE  = 
0,  an  erase  operation  is  performed  followed  by  a write 
operation.  If  WMODE  is  positive,  only  a write  is  executed. 
An  erase  only  mode  is  selected  if  WMODE  is  negative.  Tho 
pulse  widths  for  the  erase  and  write  functions  are 
determined  by  the  contents  of  memory  storage  registers  EPWID 
and  WPWID  respectively. 

F.INIT  (Read  initialization) 

If  the  previous  I/O  operation  was  a v.'rite  operation, 
(if  the  contents  of  STATUS  is  non-zero  then  RINIT  is  called) 
this  subroutine  is  called  by  the  Read  subroutine  to  program 
the  I/O  ports  for  a read  operation. 


READ 

This  subroutine  first  tests  to  see  if  a read 
initialization  is  necessary  (STATUS  is  non-zero)  and,  if  so, 
issues  a branch  to  the  subroutine  RINIT.  (See  flowchart  in 
Appendix  E.)  It  then  reads  the  MUT  at  the  address  contained 
in  the  memory  register  ADDR  and  places  the  read  data  in 
memory  register  RD AT A . Since  the  read  clock  signal  pulse 
width  is  determined  by  hardware,  there  are  no  software  delay 
loops  associated  with  this  subroutine,  as  there  are  in  the 
WRITE  subroutine. 
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INHEX 

The  INHEX  routine  is  used  to  input  a hexadecimal 
character  string.  It  retains  only  the  la*st  four  inputs,  so 
corrections  are  made  by  simply  re-entering  the  data  or  by 
typing  a control  X (this  causes  the  deleted  message  to  be 
printed  on  the  output  device) . The  routine  is  used  to  input 
two  characters  as  well  as  four  characters  and  is  terminated 
with  a carriage  return.  A control  C input  causes  a jump  to 
the  test  monitor  re-entry  point  while  an  X input  causes  a 
jump  to  the  MIKbug  monitor. 


Summary 

Four  algorithms  which  perform  pattern  sensitivity  tests 
on  the  NC  2051  have  been  described.  These  algorithms  (MARCH, 
MASEST,  WAKPAT,  and  GALPAT)  use  four  different  sequences  to 
write  data  into  memory,  then  read  and  verify  that  the  proper 
data  was  stored  and/or  read.  Executing  these  four  algorithms 
tests  all  memory  cells  within  the  memory  as  well  as  the 
addressing  and  logic  sensing  elements  of  the  memory.  A 
system  monitor  allows  the  operator  to  control  the  output 
destination  of  all  output  messages.  The  test  monitor  is  used 
by  the  operator  to  preset  the  test  variables  and  select  the 
desired  test  algorithm  or  subroutine. 


VI.  RESULTS , CONCLUSIONS , AND  RECOMMENDATIONS 


i 


The  objective  of  this  effort  was  to  develop  a 
microprocessor  based  test  system  for  the  NCR  2051.  This  test 
system  has  a twofold  purpose:  (1)  use  as  a model  for  an 
acceptance  testing  system  and  (2)  use  in  a laboratory  for 
laboratory- type  testing  of  the  NCR  2051.  This  objective  has 
been  realized  as  all  the  necessary  design,  development,  and 
implementation  of  the  acceptance  testing  system  has  been 
accomplished.  The  system's  testing  capability  can  be  easily 
expanded  through  the  addition  of  software,  utilizing 
existing  subroutines.  As  required,  a user's  manual  is 
provided  (Appendix  C)  and  the  test  monitor  displays 
prompting  messages.  This  allows  operation  of  the  system 
without  referring  to  the  manual  except  to  obtain  an 
unfamiliar  pulse  width  value. 

Test  Results 

In  order  to  verify  the  proper  testing  sequence,  the 
algorithms  were  executed  without  a memory  installed  in  the 
MUT  test  socket.  This  causes  an  error  at  all  memory 
locations  if  the  background  pattern  and  the  test  word 
contain  data  other  than  all  ones.  (The  background  pattern 
and  test  word  were  preset  to  a value  other  than  all  ones 
before  the  algorithms  were  executed.)  The  error  printouts 
then  provide  an  effective  trace  function  of  the  program 
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since  each  attempt  at  verifying  the  data  contained  within  a 
memory  location  will  result  in  an  error  statement  printout. 
The  software  was  written  using  subroutines  extensively  and 
therefore  will  allow  easy  modification  to  accomodate  many 
different  types  of  tests  which  might  be  desirable  to  perform 
in  the  laboratory. 

Several  NCR  2051  devices  were  tested  using  this  test 
system.  They  were  all  found  to  be  acceptable  devices  when 
tested  at  room  temperature.  Some  devices  which  were  known  to 
be  defective  were  also  tested  and  the  test  system  indicated 
that  they  were  bad  by  the  error  statements  which  resulted. 
The  author  had  planned  to  perform  testing  of  several  devices 
at  elevated  temperatures,  but  the  necessary  hardware  did  not 
arrive  in  sufficient  time  to  fabricate  an  extension  cable  to 
allow  the  MUT  to  be  placed  into  a temperature  chamber. 

Hardware 

The  system  includes  the  following  items  which  are 
necessary  to  accomplish  acceptance-type  tests:  a 
microprocessor  system  (equipped  with  a minimum  of  three 
kbytes  of  programmable  read  only  memory  and  two  modified 
parallel  interface  cards  plus  one  control  interface  card) , a 
control  terminal  (a  video  terminal  is  used  but  could  be 
replaced  with  a teletype  if  a printout  is  desired) , and  an 
interface  to  the  NCR  2051  MUT.  Additional  items  which  are 
desirable  for  laboratory  use  include:  16  kbytes  of  read  and 
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write  memory  (RAM),  a cassette  tape  interface,  a Hewlett 
Packard  9866A  line  printer,  and  a Hewlett  Packard  9820A 
calculator  system  with  its  associated  peripherals  (papertape 
punch,  papertape  reader,  X-Y  plotter,  and  digital  cassette 
tape  memory  system) . 

Software 

The  software  package  as  developed  for  this  system 
provides  four  test  routines  which  perform  pattern 
sensitivity  tests  and  may  be  used  for  acceptance  testing. 
These  four  test  routines  are  called  MARCH,  MASEST,  GALPAT, 
AND  WAKPAT.  The  erase/write  pulse  widths  are  software 
controlled  and  the  read-clock  pulse  width  is  hardware 
controlled.  A routine  is  included  which  displays  the 
contents  of  the  MUT.  The  read/write/erase  routines  are 
written  to  allow  the  user  to  easily  expand  the  software 
package  with  new  routines  if  desired  for  laboratory  testing. 

Conclusions 

This  test  system  can  be  used  to  perform  acceptance 
testing  of  the  NCR  2051  with  a high  degree  of  confidence 
that  defective  memories  will  be  identified.  The  system  also 
has  great  potential  for  laboratory  testing  and,  with  the 
addition  of  the  necessary  software,  can  perform  virtually 
any  desired  test  on  the  NCR  2051. 
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Recommendations 


This  system  will  be  very  useful  for  laboratory  testing; 
however,  since  the  primary  use  of  this  system  is  for 
acceptance  testing,  the  software  which  has  been  developed 
does  not  provide  all  of  the  desired  test  routines  for  this 
application.  One  important  test,  which  could  be  added  to  the 
software,  writes  both  ones  and  zeroes  into  the  same  location 
(without  erasing)  with  different  ratios  of  write  times  (See 
Ref  10).  This  procedure  stores  charge  on  both  MNOS 
transistors  associated  with  each  memory  bit  cell  and 
important  retention  data  can  be  extrapolated  with  this 
method.  The  erase/write  subroutines  have  been  written  in 
such  a manner  as  to  make  this  particular  test  easy  to  add  to 
the  existing  system. 

The  techniques  used  for  testing  the  NCR  2051  can  also 
be  applied  to  testing  TTL  devices.  Since  the  test  algorithms 
were  selected  to  perform  the  most  efficient  tests  (due  to 
the  device  degradation  effect  when  write/erase  cycling  the 
NCR  2051),  the  use  of  these  algorithms  should  reduce  the 
time  required  to  accomplish  TTL  memory  testing  when  compared 
to  testing  every  possible  bit  combination  as  is  frequently 
done. 
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System  Monitor  Software  Listing 


Appendix  A includes  the  M6000  assembly  language  source 
listing  for  all  modifications  made  to  the  MIKbug  operating 
system.  These  modifications  are  discussed  in  Chapter  V in 
the  section  entitled  "System  Monitor". 


PACK 


000  10 


00030 
00040 
00090 
00060 
00070 
0001)0 
00090 
00  100 
00  I 10 
00120 
00  I 30 
00  140 


00160 

001  70 
00  1 HO 
00  1 90 
00200 
00.'  1 0 

002  20 
002.30 


00  2 SO 
00  260 

002  /O 
00200 
00290 

003  10 
00  120 
00  3 10 
00340 
00. 150 
00  160 
00  170 

00  ;9  0 
00  400 

004  11 
0(1 '» 30 

•0  » 10 
0«.  I 4 0 
M l '>0 
>0  l«.l) 

)•  ;o 
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00  I f ION  1 TO  11 


NAM  MONITOR  FOR  WAUOM  SYSTEM 


♦ + + + + + ♦*♦  + ****♦ 


*♦* 

* * ♦ 

WRITTEN  HY 

* * * 

If  ♦ ♦ 

JOEL  W.  UOHERTSON 

*♦* 

♦ if  ♦ 

17  FEU  HUARY  19711 

*** 

* * ♦ 

♦a***** ++♦++***+♦** 


* + * * + + * * + + I * * ♦ * ♦ in'  + * + * * * + + * + I + **  I + ♦'  I * ♦ 

♦ 4.  *+(.  + + * **•(»  tt  )H**M  >♦***  + + *♦♦  + * ■>  * I * + ♦ * 


♦ 

♦ 

* 

♦ 

* 

* 

* 

* 


THIS  IS  A l’ATOl I FOR  'MIKDUC.'  AND  SHOULD  11K 
LOADED  OVER  MIKHUO  (OVERLAY ) SO  THAT  AM.  LOCATION 
li  1 STUD  am:  CHANGED  TO  Till:  INDICATED  VALUES 
(Al.l.  OTHER  MlEltUG  LOCATIONS  REMAIN  T1IS  SAUL  AS 
111  Till:  OLIO  111  Al.  MIK1UIC!)  . IT  IS  I NTENDEI)  THAT 
Tin:  iUKiiuc  non  ut:  replaced  with  a tms-2709  to 
ALLOW  THE  ADD  1 T I ONAL  ROUTINES  AND  CHANGES. 

THIS  EPROM  ALLOWS  AN  ADDITIONAL  ‘>12  NYTL3  OF  i'CM. 


* THIS  P ROll  RAN  NODI  F LEE  Till’.  INPUT  AND  OUTPUT 

* ROUTINES  USED  HY  N ILDUS  TO  ALLOW  THE  USER 

* TO  SELECT  ONE  OP  THREE  g'JTPUV  DEVICES  TO 

* DE  USED  FOR  ALL  SYSTEM  OUTl-UT  WHICH  UTILIZES 

* OllTP.EE  AND  l NEED  IN  MIKilUG. 

* THE  OUTPUT  ROUTING  EEOC, RAN  IS  ENTERED  IiY 

* TYPING  A CONTROL  P AT  THE  INPUT  TERN  I NAL. 

* THE  ROUTING  PROGRAM  WILL  I5E  ENTERED  ONLY 

* IP  MEMORY  UK ’ATI ON  $A014  IS  EOUAL  TO  EERO. 

* (TINS  MEMORY  IS  SET  TO  2. KUO  HY  T!i  POWER  UP 
+ ROUTINE  HUT  NAY  HP  CHANGED  IIY  TEE  USER  TO 

* ALLOW  111  NARY  TAPES  TO  P.L  LOADED  INTO  THE  SYSTEM. ) 

* Till!  USER  NAY  WRITE  PROGRAMS  WHICH  CHANGE 

* THE  OUTPUT  DEVICE  WITHIN  THE  PROGRAM  AS 

* LONG  AS  THE  PI. A (OR  ACIA)  IS  INITIALIZED. 

* FLAG 2 0 POR  TERMINAL 

* PI.AG2  > POS.  FOR  TTY 

* FLAG 2 II EG . FOR  LINK  PRTR. 

* THIS  ALLOWS  Tin:  OUTPUT  op  data  only  through 

* ONE  DEVICE  AND  MESSAGES  NAY  HE  KENT  THROUGH 

* ANOTHER  DEVICE  WITHOUT  INTERRUPT  I MG  THE 

* SE0UP.NCE  or  DATA. 
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PACK  002  MONITOR 


00500  ♦ THE  TTY  ACIA  MAY  RE  CONNECTED  TO  THE  HEWLETT- 

00510  ♦ PACKARD  9020  CALCULATOR  SYSTEM  INSTEAD  OE  THE 

00520  * TELETYPE  FOR  DATA  TRANSFER  INTO  THE  CALCULATOR 

00530  * SYSTEM  THROUGH  THE  SERIAL  INTERFACE  CARD. 


PAGE 

003 

MONITOR 

00550 

* DEI’ INK  PER 

TINENT  AREAS  OUTSIDE  PROGRAM 

005G0 

A0 14 

FLAG 1 EQU 

$A0 1 4 

00570 

AO  15 

FLAG 2 EQU 

?A015 

00  500 

A0 16 

FLAG  3 EQU 

$A016 

00590 

A0 12 

XT  El  IP  EQU 

$A0 1 2 

00G00 

E07E 

PDATA1  EQU 

$E07E 

00610 

E1A5 

SAV  EQU 

$E1A5 

00G20 

E 1 AF 

III  1 EQU 

?E1  AF 

00G30 

El  04 

IOUT  EQU 

?E1D4 

00650 

OPT 

0 , NOGEN , S 

00670 

eooc 

OUG 

$E00C 

00600 

EOOC 

13D  E39  8 

JSU 

LOAD  GO  DISABLE  ROUTE  COMMAND 

00700 

I' 04  4 

ORG 

$E04  4 

00710 

13044 

7E  E3A2 

JMP 

LODEMD  GO  ENABLE  ROUTE  COMMAND 

00730 

E0D6 

ORG 

$E0D6 

00740 

E0D6 

7E  E389 

JMP 

PWKUP  JMP  TO  MODIFIED  RESET  ROUTINE 

00760 

*+**************•**♦****♦*  ***********  ************** 

00770 

************************************************** 

00780 

* 

00790 

* THE  FOLLOWING  IS  TO  EE  USED  DULY 

00800 

+ WHEN  THE  T 

EST  PROGRAM  HAS  BEEN 

00810 

* INSTALLED 

IN  EPROM  — THIS  ALLOWS 

00820 

* THE  TEST  PROGRAM  TO  BE  ENTERED  USING 

00830 

* A 'T'  COMMAND  FROM  MIKBUG 

00840 

* (SEE  IJVBEL 

'COMAND'  FOR  ADDITIONAL  INFO) 

00850 

* 

00860 

m on 

ORG 

!?E10D 

00870 

El  OH 

7E  E3E0 

JMP 

COMAND 

00880 

El  OE 

01 

NOP 

00  890 

* 

00900 

************************************************** 

00910 

*♦♦♦*♦♦♦♦♦+♦***¥***♦*♦*♦*♦♦♦♦♦♦♦*♦♦*♦♦♦**♦♦♦****** 

00930 

El  AC 

ORG 

? E 1 AC 

00940 

El  AC 

7E  E200 

JMP 

ICHROU  JMP  TO  MODIFIED  INPUT  CHAR 

00960 

E 1 D 1 

ORG 

$E1D1 

00970 

E1D1 

7E  E349 

JMP 

OCHROU  JMP  TO  MODIFIED  OUTPUT  CHAR 

00990 

E200 

ORG 

$E200 

01000 

E200 

ICHROU  EQU 

* 

01010 

E200 

7D  A0 14 

TST 

FLAG1 

72 
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PACK 

004 

MONITOR 

01020 

* 

IF  FLAG 1 

o 

It 

EH 

C 

THEN  IGNORE  ROUTE  COMMAND 

01030 

E203 

27  05 

BEQ 

*+7 

01040 

r:205 

37 

PSH  B 

01050 

E206 

8D  9D 

BSR 

SAV 

01060 

E208 

20  A5 

BRA 

INI 

01070 

* 

RETURN  TO 

NORMAL 

OUTEEE  IN  MIKBUG 

01090 

E20A 

BD 

E28E 

JSR 

INCII1 

01100 

E20D 

81 

10 

CMP  A 

#$10 

TST  FOR  CONTROL  P 

01  1 10 

E20F 

27 

01 

BE  Q 

* + 3 

01120 

E21  1 

39 

RTS 

01130 

* DO  NOT  ENTER  ROUTE 

PROG  IF  INPUT 

01140 

* IS  HOT  A CONTROL  P 

01160 

E? 

12 

PRTMES  ECU 

* 

01170 

E212 

FF 

A01  2 

STX 

XTEMP 

01180 

E215 

86 

00 

LDA  A 

#0 

01190 

E217 

B7 

A0  15 

STA  A 

FLAG  2 

PROG  FOR  TER  OUTPUT 

01200 

E2 1 A 

CE 

E2A5 

LDX 

It  MES  SI 

01210 

E21D 

LID 

E07E 

JSR 

I’DATAI 

01220 

E220 

FE 

A0 12 

LDX 

XTEMP 

01240 

E223 

8D 

69 

BSR 

INCH  1 

01250 

E225 

81 

54 

CMP  A 

# 'T 

01260 

E227 

26 

3F 

BNE 

CP 

01200 

E229 

8D 

63 

BSR 

INCHI 

01290 

E221) 

81 

45 

CMP  A 

#'E 

0 1300 

E22D 

26 

19 

BNE 

CT 

01320 

* TERMINAL  SI 

ILECTED 

01330 

E22F 

3D 

5D 

VJA1  BSR 

INCHI 

01340 

E23 1 

81 

18 

CMP  A 

#$18 

TST  FOR  CTRL  X 

01350 

E233 

27 

DD 

BEQ 

PRTMES 

GO  BACK  TO  START 

01360 

E235 

81 

0D 

CMP  A 

#$n 

TST  FOR  CAR  RET 

01370 

E237 

26 

F6 

BNE 

UA1 

WAIT  FOR  CAR  RET 

0 1380 

E239 

FF 

A0 12 

STX 

XTEMP 

01390 

1I23C 

8D 

60 

BSR 

PRINT 

GO  PRNT  1ST  PART  OF  MESSAGE 

01400 

E23E 

CE 

E2D8 

LDX 

(JTERMES 

01410 

E241 

BD 

E07E 

JSR 

PLATA 1 

01420 

R24  4 

86 

00 

LDA  A 

#$0 

01430 

E246 

20 

4D 

BRA 

FIN 

01450 

E248 

81 

54 

CT 

CMP  A 

# 'T 

01460 

E24A 

26 

C6 

BNE 

PRTMES 

ERR-GO  TO  START 

01480 

* TTY 

SELECT 

ED 

01490 

E24C 

8U 

40 

WA2 

BSR 

INCHI 

01500 

E24E 

81 

18 

CMP  A 

#$18 

TST  FOR  CTRL  X 

01510 

E2  50 

27 

CO 

BEQ 

PRTMES 

GO  BACK  TO  START 

01520 

E252 

81 

0D 

CMP  A 

#$D 

TST  FOR  CR 

01530 

E254 

26 

F6 

BNE 

WA2 

WAIT  FOR  CR 

• 
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01540 

E256 

FF 

A01  2 

STX 

XTEMP 

01550 

E259 

0D 

43 

BSR 

PRINT 

GO 

PENT 

1ST  PART  OF  MESSAGE 

01560 

E25IJ 

CE 

E2F2 

LDX 

#1’TYMES 

01570 

E25E 

BD 

E07E 

JSR 

PDATA1 

01580 

E26 1 

BD 

E327 

JSR 

TV IN IT 

GO 

INITIALIZE 

TTY  ACIA 

01590 

E264 

86 

01 

LDA  A 

#?1 

TO 

MAKE 

FLAG  2 

POS 

0 1 GOO 

E266 

20 

2D 

BRA 

Fill 

01620 

E268 

81 

50 

CP 

CMP 

A 

#’P 

01630 

E26A 

26 

A6 

BNE 

PRTMES 

ERR  GO  TO  START 

01640 

E26C 

8D 

20 

BSR 

INCIIl 

01650 

E26E 

81 

52 

CMP 

A 

#'R 

01660 

E270 

26 

A0 

BNE 

PRTMES 

ERR  GO  TO  START 

01680 

* PRTR  SELECTED 

0 1690 

E272 

3D 

1 A 

WA3 

BSR 

INCIIl 

01700 

E274 

81 

18 

CMP 

A 

#$18 

TSTS  FOR  CTRL  X 

01710 

E276 

27 

9A 

BEQ 

PRTMES 

GO  BACK  TO  START 

01720 

E278 

81 

0D 

CMP 

A 

#$D 

TST  FOR  CR 

01730 

E27A 

26 

F6 

BNE 

WA3 

WAIT  FOR  CR 

01740 

E27C 

FF 

A01  2 

STX 

XTEMP 

01750 

E27F 

8D 

ID 

BSR 

PRINT 

PP.NT  1ST  PART  OF  MESSAGE 

01760 

E281 

CF. 

E2E3 

LDX 

#PRTRMS 

01770 

E28  4 

BD 

E07E 

JSR 

PDATA1 

01780 

E287 

BD 

E333 

JSR 

PRINIT 

GO  INITIALIZE  PRTR  PIA 

01790 

E28A 

86 

FF 

LDA 

A 

#$FF 

MAKE  FLAG 2 NEGATIVE 

01800 

E28C 

20 

07 

DRA 

FIN 

01820 

E28E 

37 

INCIIl 

PSII 

B 

01830 

E28F 

BD 

E1A5 

JSR 

SAV 

01840 

E292 

7E 

El  AF 

JMP 

INI 

01860 

E295 

B7 

A0 15 

FIN 

STA 

A 

FLAG  2 

01870 

E298 

FE 

A0 1 2 

LDX 

XTEMP 

01880 

E29B 

7E 

El  AC 

JMP 

$E  1 AC 

RETURN  TO  NORMAL  INCHAR 

01900 

E29E 

CE 

E30  4 

PRINT 

LDX 

jfPRINT  1 

01910 

E2A1 

BD 

E07E 

JSR 

PDATA 1 

01920 

E2A4 

39 

RTS 

01940 

E2A5 

0D 

MESS  1 

FCB 

$D,$A 

01950 

E2A7 

53 

FCC 

/SELECT  DESIRED  OUTPUT  DEVICE  - / 

01960 

E2C6 

54 

FCC 

/TER,  TTY,  PRTR/ 

01970 

E2D4 

0D 

FCB 

$D,?A,$3F,4 

01980 

E2D8 

54 

TERIIES 

FCC 

/TERMINAL/ 

01990 

E2E0 

0D 

FCB 

$D,$A,  4 

02000 

E2E3 

4C 

PRTRIIS 

FCC 

/LINE  PRINTER/ 

020  10 

E2EF 

0D 

FCB 

$D , $A,  4 

02020 

E2F2 

54 

TTYMES 

FCC 

/TELETYPE-PORT  0/ 

02030 

E30 1 

0D 

FCB 

$D,$A,4 

02040 

K304 

OD 

PRINT 1 

FCB 

$D,$A 

02030 

E306 

41 

FCC 

/ALL  OUTPUT  IS  NOW  ROUTED  TO  THE 

74 
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02060 

E326 

04 

FCD 

4 

02080 

♦ 

THE  FOLLOWING  SUBROUTINE  INITIALIZES  THE 

02090 

♦ 

ACIA  WHICH 

IS  USED  FOR  THE  TELETYPE  (OR  THE 

02100 

* 

H-P  982C  C ALC U LATO R SYSTEM)  AND  IS  ADDRESSED 

02  MO 

* 

AT  PORT  0 1 

!?8000) 

02120 

11327 

CE 

8000 

TTINIT  LDX 

#$8000 

02130 

E32A 

86 

13 

I.DA  A 

#$13 

02140 

113  2C 

A7 

00 

STA  A 

0,X 

02  1 90 

i :32E 

86 

1 1 

LDA  A 

#$11 

02  160 

11330 

A7 

00 

STA  A 

0,x 

02170 

E332 

39 

RTS 

• 

02190 

* 

THE  FOLLOWING  SUBROUTINE  INITIALIZES  THE  PIA 

02200 

♦ 

WHICH  IS  tfS 

HID  FOR  THE  HEWLETT-PACKARD  LINE 

02210 

* 

PRINTER  AND  IS  ADDRESSED  AT  PORT  7 ($00 1C) 

02220 

E333 

CE 

0321 

PRIIIIT  LDX 

#801C 

02230 

K336 

6F 

01 

CLR 

1,X 

02240 

E33S 

6F 

03 

CLR 

3,X 

02250 

E33A 

6F 

00 

CLR 

0/  X 

02260 

I133C 

6F 

02 

CLR 

2,X 

02270 

1133E 

63 

00 

COM 

0,X 

02200 

E340 

86 

3E 

LDA  A 

#$3E 

02290 

11342 

A7 

01 

STA  A 

1,X 

02300 

E344 

86 

2E 

LDA  A 

#$2E 

023  10 

E346 

A7 

03 

STA  A 

3 , X 

02320 

11348 

39 

RTS 

02340 

E349 

OCIIROU  EQU 

* 

02350 

11349 

7D 

AO  15 

TST 

FLAG  2 

0236C 

L’34C 

26 

07 

I3NE 

NZERO 

02380 

♦ 

OUTPUT  CHAR  TO  TERMINAL 

02390 

113  4E 

37 

PSII  13 

02400 

113  4 F 

I3D 

E 1 A5 

JSR 

SAV 

02410 

E352 

7E 

E1D4 

JMP 

IOUT 

02430 

E355 

2A 

IE 

MZERO  EPIj 

OUTTY 

02  4 50 

* 

THE  FOLLOWING  SUEROUTINE  IS  THE  OUTPUT  CHARACTER 

02460 

* 

ROUTINE  FOR 

: THE  II-P  LINE  PRINTER  AND  MAY  BE  USED 

02470 

* 

THF.  SAME  AS 

OUTEEL  WOULD  BE  FOR  OUTCHAR  IN  III  KRUG 

02480 

♦ 

(ENTRY  AT  THIS  POINT  RESULTS  IN  OUTPUT 

02490 

* 

TO  LINE  PRINTER  REGARDLESS  OF  STATUS  OF  FLAG 2) 

02510 

♦ 

OUTPUT  CHAR 

: TO  LINE  PRTR 

02520 

11357 

37 

PSII  13 

SAVE  ACCB 

02530 

11358 

FF 

A01  2 

STX 

XTEMP  SAVE  XREG 

02540 

E35R 

43 

COM  A 

PRINTER  USES  INVERTED  LOGIC 

02550 

1135C 

CE 

80  1 C 

LDX 

#$801C 

02560 

113  5 F 

A7 

00 

STA  A 

o,x 

75 
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02570 

E3  61 

C6 

36 

LDA 

B 

#$36 

STROBE  DATA  READY  LINE 

02500 

E363 

E7 

01 

STA 

B 

02590 

E365 

C6 

3E 

LDA 

B 

if$3E 

02600 

E3G7 

E7 

01 

STA 

B 

1,X 

02610 

E369 

6D 

01 

TST 

1 ,X 

WAIT  FOR  HANDSHAKE 

02620 

F36B 

2A 

FB 

BPL 

*-3 

02630 

I136D 

E6 

00 

LDA 

B 

0,X 

02640 

E36F 

43 

COM 

A 

RESTORE  ACCA  TO  PREV  VALUE 

02550 

E370 

FE 

A0 1 2 

LDX 

XTEMP 

RESTORE  XREG 

02660 

E373 

33 

PUL 

B 

RESTORE  B ACCUMULATOR 

02670 

E374 

39 

RTS 

02690 

02700 

02710 

02720 

02730 

02740 

02750 


* THE  FOLLOWING  SUBROUTINE  IS  THE  OUTPUT  CHARACTER 

* ROUTINE  FOR  THE  SERIAL  PORT  WHICH  MAY  BE  CONNECTED 

* TO  THE  TELETYPE  OR  TO  TEE  K-P  9320  CALCULATOR  SYS 

* THIS  SUBROUTINE  MAY  BE  USED  THE  SAME  AS  OUTEEE 

* IS  USED  II!  MIEBUG. 

* (ENTRY  AT  THIS  POINT  RESULTS  III  OUTPUT  TO 

* THE  SERIAL  TORT  #0  REGARDLESS  OF  STATUS  OF  FLAG 2) 


02770 

* OUT 

PUT  CHAR  TO  PORT  C ACIA 

02780 

E375 

37 

CUTTY 

PSII 

B 

02790 

E376 

FF 

A0 12 

STX 

XTEMP 

02800 

E379 

CE 

8000 

LDX 

#$8000 

02810 

E37C 

E5 

00 

WA4 

LDA 

B 

0,X 

02320 

E37E 

57 

ASR 

B 

02330 

E37F 

57 

ASR 

B 

02340 

E380 

24 

FA 

BCC 

WA4 

028  50 

E382 

A? 

01 

STA 

A 

1 , X 

02860 

E384 

FE 

A0  1 2 

LDX 

XTEMP 

02870 

E387 

33 

PUT. 

B 

02380 

E308 

39 

RTS 

02900 

E389 

runup ' 

EQU 

* 

02910 

E389 

CE 

3004 

LDX 

#$3004 

02920 

E38C 

7F 

A0 1 4 

CLR 

FLAG  1 

02930 

E3CF 

7F 

A0  15 

CLP. 

FLAG  2 

02940 

E39  2 

7F 

A0 16 

CLR 

FLAG  3 

02950 

E395 

7E 

K0D9 

JHP 

$E0D9 

02980 

♦ 

ENTER  AT  BEGINNING  OF  A MIEBUG  "LOAD" 

02990 

• 

* 

THIS  ASSURES  THE  USER  THAT  AN  IIIADVKRT ANT 

03000 

♦ 

CONTROL  P Oli  A TAPE  BEING  j-.OA.DED  WILL  NOT 

03010 

♦ 

TERMINATE  THE  LOADING  PROCESS. 

03030 

E398 

LOAD  F.QU  * 

03040 

E398 

n7 

8007 

STA  A $8007 

03050 

E39B 

B7 

A0 1 4 

STA  A IT. AG  1 DISABLE  ROUTE  COMMAND 

03060 

E39E 

B7 

A016 

STA  A FLAG 3 - INDICATE  LOAD  It!  PROGRESS 

03070 

E3A1 

39 

RTS 

i 


76 


•X4. 


ai&caRsrTBE! 
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03090 

* ENTER  AT 

END  OF  A 

LOAD  TAPE  SEQUENCE 

03100 

E3A2 

LODEND  EQU 

* 

03110 

E3A2 

7D 

A0  16 

TGT 

FLAG  3 

ENARLE  ROUTE  COMMAND  ONLY 

03120 

E3A5 

27 

06 

liEQ 

*+8 

IF  A LOAD  WAS  IN  PROGRESS 

03130 

E3A7 

7F 

A016 

CLR 

FLAG  3 

INDICATE  LOAD  NOT  IN  PROGRESS 

03140 

E3AA 

7F 

A0 1 4 

CLR 

FLAG1 

ENAIU.E  ROUTE  COIDTAND 

03150 

E3AL 

7E 

E0E3 

JMP 

?E0E3 

ret  to  mikbug  control 

03170 

03100 

03100 

03200 

03210 

03220 

03230 


+ :fr  t +**  + + ***♦*  *+•*****  + ****•+  *********  4-  * + * * * * K *****  * + 
********^*****************************^**********311 

* 

* THE  FOLLOWING  ROUTINE  IE  USED  ONLY 

* IF  THE  TEST  PROGRAM  IS  LOCATED  IN 

* EPROII  WHICH  IS  ORG 1 D AT  'TSTPGM* 


03240 

D000- 

TSTPGM  EQU 

?D000 

03250 

* 

03260 

E3D0 

COHAND  EQU 

* 

03270 

E3B0 

Cl  54 

CMP 

B 

if 'T 

' T ‘ COMMAND 

032G0 

E3B2 

26  03 

BNE 

*+5 

03290 

E3JP4 

7V  D000 

•JMP 

TSTPGM 

GO  TO  TEST  MONITOR 

03300 

E3I17 

Cl  47 

CMP 

B 

if ’G 

033  10 

E3B9 

26  03 

BNE 

* + 5 

03320 

E3BB 

7E  El  OF 

JMP 

SE10F 

GO  TO  USER'S  PROGRAM 

03330 

E3BE 

7E  E0E3 

JMP 

VE0F3 

RESTART  MIRBUG  LOOP 

03340 

* 

03350 

0J3SC 


*****  ***********  ***********  ***********  a ********  * * * 
************************************************** 
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03330 

* THE 

FOLLOWING  IS  INCLUDED  TO  SUPPLY  THE 

03390 

* NEC! 

: EE ARY 

IRQ,  NMI,  SWI,  AND  RESTART  VECTORS 

03400 

* TO  7 

’IIE  CPU 

WHEN  THE  ADDRESSES  $FFF8-$FFFF 

03410 

* ARE 

ACCESS 

ED  (THE  EPROM  IN  WHICH  THIS  OVLREAY 

4 

03420 

* AND 

MIRBUG 

ARE  LOCATED  RESPONDS  TO  $EXXX-$FXXX) 

03430 

* 

0344  0 

EFF8 

ORG 

$EFF8 

03  450 

EFF8 

E000 

IRQ 

FDB 

SEOOO 

03460 

EFFA 

LOO  5 

NMI 

FDD 

$;:005 

0 3 7 0 

EFFC 

El  13 

SWI 

FDD 

$V.  1 1 3 

03  43  0 

EFFE 

eodo 

RESET 

FDB 

$E0D0 

fJUgBUt'm  H— — — ■u.llWi 


■1 
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03500 

ri.AG  1 

A01  4 

FLAG  2 

A015 

FLAG  3 

A0  1 6 

XTEMP 

A0 12 

PDATA1 

E07E 

SAV 

F.1A5 

INI 

El  AF 

TOUT 

E1D4 

ICHROU 

E200 

prtues 

E212 

V/A1 

E22r 

CT 

E248 

WA2 

E24C 

CP 

E268 

WA3 

E272 

INCII1 

E23E 

FIN 

F.295 

PRINT 

E29E 

MEGS  1 

E2A5 

VERMES 

E2D8 

PRTEMM 

K2E3 

TTYMES 

K2F2 

PRINT 1 

E304 

VTINTT 

E 3 2 7 

PRINIT 

E333 

OCKROU 

F 3 4 9 

NEGRO 

E355 

OCJTTY 

E375 

VJA4 

E37C 

PWRUP 

E389 

LOAD 

F.398 

LODKND 

K3A2 

TSTPG.l 

D000 

COflAND 

E3D0 

IRO 

EFF8 

NMI 

EFFA 

SWI 

EFFC 

RESET 

KITE 

END 


TOTAL  ERRORS  C0000 
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Tost  System  Software  Listing 

This  Appendix  contains  the  M6800  assembly  language 
source  listing  for  the  Test  Monitor  and  all  test  routines 
for  the  NCR  2051  testing  system.  A discussion  of  these 
routines  is  contained  in  Chapter  V. 


r : yw ; •nv / ’ 


rAGE  001 


000  10 


00030 

00040 

00050 

ooor.o 

00070 
00080 
00090 
00100 
00  110 
00120 
00130 
00  140 
00  150 
00160 
00  170 


NCR. 2051 


HAM 


NCR. 2051 


* + * ******  * * * * * *********  * * V * * * * * * * * * * * * 
************************************** 


* * * 
*** 
* * * 
*** 
*** 
+ * * 
*** 
* * * 
**  * 


NCR  2051  WAROM  LXORCISLR 
WRITTEN  BY  JOEL  W.  ROBERTSON 
THIS  VERSION  DATED 
17  FEBRUARY  197B 


* * * 
* * * 
*** 
* * * 
*** 
* * * 
*** 
*** 
*** 


************************************** 
* * * * * * * * * * * * * * * ******  * * * *****  * * * * * * * 
************************************** 


00190 

OPT 

NOGE11 , 0 

00210 

* DEFINE  IIIKliUG  JUMPS 

00220 

* 

00230 

L0  55 

INDYTE  EQU 

$E055 

00240 

E07  5 

DUTCH  EQU 

$E075 

00250 

E07E 

PDACA1  EQU 

$E07E 

00  260 

EOBF 

OUT  21!  EQU 

v E 0 '3F 

00270 

LOGS 

OUT  4 l!S  EQU 

$E0CB 

00230 

E0CA 

OUT 2 US  EQU 

$EGCA 

00290 

E 1 AC 

INCHAR  EQU 

$E  1 AC 

00300 

E0D0 

HIKBUG  EQU 

$E0IJ0 

00320 

* DEFINE  DATA 

TRAHSFER 

PI A ADDRESSES 

00330 

* 

00340 

3010 

A1PIAD  EQU 

$8010 

ADDR  PORT  (OUT  ONLY) 

00350 

8014 

A2PIAD  EQU 

$8014 

CONTRL  PORT  (OUT  ONLY) 

00360 

8012 

BITIAD  EQU 

$8012 

DATA  PORT  #1  (I/O) 

0C370 

8016 

B2PIAD  EQU 

$0016 

DATA  PORT  #2  #1  (I/O) 

00380 

8016 

B2PIAD  EQU 

$3016 

DATA  PORT  #2  (I/O) 

00400 

* DEFINE  CONTROL  REGISTER  P1A  ADDRESSES 

00410 

♦ 

00420 

6011 

A1PIAC  EQU 

$3011 

00430 

8015 

A2PIAC  EQU 

$80  1 5 

00  4 4 0 

8013 

El  PI AC  EQU 

$8013 

00450 

8017 

B2PIAC  EQU 

$8017 

so 


gpg  ■ 


PM”  _ 1 


T-Tur  ~ ' ::  — . • 
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00470 


* DEFINE  TEMPORARY  STORAGE  AREAS 


00480 

* 

00490 

A0  50 

RDATA1 

EQU 

$A050 

READ  DATA  MSB 

00500 

A051 

RDATA2 

EQU 

$ A0  5 1 

READ  DATA  LSB 

00510 

A0  5 2 

WDATA1 

EQU 

$.a0  52 

WRITE  DATA  MSB 

00  520 

A0  53 

WDATA2 

EQU 

$A053 

WRITE  DATA  LSB 

00540 

* STATUS  INDIA 

SATES  WHET 

HER  BPIAD'S  ARE 

00550* 

* AS  INPUTS  OR  OUTPUTS 

(0= INPUT) 

00560 

* 

00570 

A0  5 4 

STATUS 

EQU 

SA054 

00580 

A0  5 5 

ADDR 

TQU 

$A055 

00590 

A0  5 6 

XTKMP 

EQU 

$A0  56 

00600 

A0  6 6 

EPWID 

EQU 

$A066 

00610 

A0  6 8 

VJPWID 

EQU 

$A068 

PROGRAMMED 


00630 

00640 


kmode  controls  the  urii 


SUBROUTINE 


00650 

* IF  VJMODE 

= 0 THEN 

00660 

* IF  VJMODE 

= -h  THEN 

00670 

* IF  RHODE 

= - THEN 

00680 

A06U 

VJMODE  EQU 

?A06E 

00700 

0100 

ORG 

$0  100 

C 0 7 1 0 

0100 

7E  01  EE 

J1  IP 

MON2E 

00720 

0103 

7E  0 1 F 1 

JMP 

MON2L2 

ERASE 
WRITE  - NO 
ERASE  ONLY 


BEFORE  WRITE 
ERASE 


CLEARS  WI'.ODE  FLAG 
NO  EFFECT  ON  VJMODE 


00740 

* INITIALIZE 

ALL  PIA'S 

00750 

0106 

7F 

son 

IN  IT  CI.R 

A1PTAC 

ENABLE  DDR 

00760 

0109 

7F 

8015 

CLR 

A2PIAC 

II 

00770 

010C 

71’ 

8013 

CLR 

DlPIAC 

It 

00780 

0 1 OF 

7F 

8017 

CLR 

B2PIAC 

II 

00790 

0112 

7F 

8012 

CLR 

B1PIAD 

PROG  DATA 

PORT  AS  INPUT 

00800 

01  15 

7F 

8016 

CLR 

B2PIAD 

It  M 

H n 

00820 

0118 

86 

FF 

LDA 

A 

#$FF 

00830 

01  1 A 

B7 

8010 

STA 

A 

A 1 PI AD 

PROG  ADDR 

PORT  AS  OUTPUT 

00840 

01  ID 

B7 

8014 

STA 

A 

A 2 PI AD 

" CONTR 

n n ii 

00850 

0120 

36 

04 

LDA 

A 

#04 

00  860 

0122 

U7 

8011 

STA 

A 

Al  PI AC 

ENABLE  DATA  REGISTERS 

00870 

0125 

B7 

8015 

STA 

A 

A2PIAC 

It  II 

ii 

00380 

0128 

r»7 

8013 

STA 

A 

B 1 PI  AC 

II  II 

•i 

00090 

012B 

LI  7 

8017 

STA 

A 

P.2  l’J.  AC 

II  II 

ii 

00900 

0 12E 

7F 

8010 

CLR 

A 1 PI AD 

00910 

0131 

7F 

8014 

CLR 

A2PIAD 

00920 

0134 

7F 

A0  5 4 

CI.R 

STATUS 

-INDICATE 

DATA  PORTS  = INPUTS 

00930 

0137 

39 

RTS 
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00950 

* SUBROUTINE 

WRITE  DATA  IN  ONE  LOCATION 

00960 

* ON  ENTRY, 

ASSUME  ADDR  IN  $A0  55 

00980 

0136 

7F 

8013  WIHIT  C.  R 

B 1 PI AC 

ENABLE  DDR 

00990 

01  311 

71’ 

8017  CLR 

U2PIAC 

ENABLE  DDR 

01000 

01311 

C6 

FF  LDA 

B 

#$1’F 

010  10 

0140 

F7 

8012  STA 

B 

1!  11>  I AD 

PROG  AS  OUTPUTS 

01020 

0143 

F7 

8016  STA 

B 

B2PIAD 

PROG  AS  OUTPUTS 

01030 

0146 

1’7 

8013  STA 

B 

U 1 PI AC 

ENABLE  DATA  REG 

01040 

0149 

F7 

8017  STA 

B 

B2PIAC 

ENABLE  DATA  REG 

01050 

014C 

F7 

AO 5 4 STA 

B 

STATUS 

INDICATE  TIA  PROG  AS  OUTPUT 

01060 

014F 

39 

UTS 

01080 

+ THIS 

SUBEOU 

TINE  WRITES  DATA  (WHICH  IS 

01090 

* STORED  IN  ?. 

A052-MSB 

6 SA053-LSB)  INTO 

01100 

+ THE 

ADDRESS 

WHICH  IS 

STORED  IN  ?A055 

01  1 10 

* ERA 

EE  TIMF 

DETERMINED  BY  CONTENTS  of  ?A066/7 

01120 

* WRITE  TIME 

DETERMINED  BY  CONTENTS  OF  8A068/9 

01140 

0150 

7D 

A0  5 4 

WRITE 

TST 

STATUS 

01150 

0153 

26 

02 

BMC 

WRITE  1 

01  160 

0155 

8D 

El 

BSR 

WINIT 

PREPARE  FOR  WRITE 

01170 

0157 

B6 

A0  5 5 

WRITE  1 

LDA  A 

ADDR 

01180 

015A 

B7 

80  10 

STA  A 

A1PIAD 

STORE  ADDR  IN  OUTPUT  BUFF 

01190 

015D 

B6 

A0  5 2 

LDA  A 

WDATA 1 

01200 

0160 

F6 

A0  53 

LDA  B 

WDATA2 

01210 

0 163 

F7 

8012 

STA  B 

B 1 PI' AD 

STORE  MSB  IN  DATA  REG 

0 1220 

0166 

B7 

8016 

STA  A 

B 2 PI AD 

STORE  LSB  111  DATA  REG 

01230 

0169 

7D 

A06E 

TST 

WMODE 

01240 

0 1 6C 

27 

02 

BEQ 

BOTH 

01250 

016E 

2 A 

OC 

BPL 

W01ILY 

WRITE  ONLY 

0 1 260 

0170 

86 

or: 

BOTH 

LDA  A 

f $ 0 E 

0 1270 

0172 

B7 

8014 

STA  A 

A2PIAD 

ERASE  LOCATION 

01  280 

* ERASE  TAKES 

50-200  MS. 

01290 

0175 

8D 

13 

BSR 

DEI, AYE 

01300 

0177 

7D 

A06E 

TST 

WMODE 

01310 

0!7A 

2B 

07 

BMI 

EONLY 

ERASE  ONLY 

01320 

0 17C 

86 

4A 

WOELY 

LDA  A 

#4"  4 A 

1 = WDE,CS  ; 0 = C1,C 2 

01330 

OWE 

B 7 

8014 

STA  A 

A2PIAD 

WRITE  DATA  IN  ADDRESED  LOC 

01340 

0181 

8D 

OF 

BSR 

DELAY 

01350 

0183 

7E 

8014 

EONLY 

CLR 

A2PIAD 

0=KDE,CS,C1 ,C2 

0 1360 

0186 

7F 

8010 

CLR 

A 1 PI AD 

CLEAR  ADDR  REG 

0 1370 

0189 

39 

RTS 

6 2 


I 


" * 2E ' 
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01390 

018A 

FF 

A056 

DOLAYE  STX 

XT  Ell  P 

01400 

018D 

FE 

AO  6 6 

LDX 

EPWID 

01410 

0190 

20 

06 

BRA 

DELI 

01420 

0192 

FF 

AO  5 6 

DELAY  STX 

XTEMP 

01430 

0195 

FO 

AO  6 8 

LDX 

WPWID 

01440 

0198 

09 

DELI  DEX 

01490 

0199 

8C 

0000 

crx 

#$0 

01400 

0190 

26 

FA 

BNF. 

DELI 

0 1 470 

0190 

FO 

AO  5 6 

LDX 

XTEIiP 

01480 

0 1 A1 

39 

RTS 

01490 

* SUBROUTINE 

READ  DATA  11!  1 

LOC 

01500 

* ASSUMES  ADDRESS  It,  $A055 

ON  INPUT  TO  SUBROUTINE 

01510 

* PREPARE  FOR 

READ 

01530 

01A2 

7F 

8013 

RItllT  CLR 

B 1 PI AC  PROG 

DATA  LINES  AS  INPUTS 

01540 

01A5 

7F 

8012 

CLR 

B1PIAD 

0 1 550 

01A8 

7F 

8017 

CLR 

U2PIAC 

01  3G0 

01 AB 

7F 

8016 

CLR 

B2PIAD 

01570 

0 1 AO 

86 

04 

LDA 

A 

#04 

01580 

oi  no 

B7 

3013 

STA 

A 

B 1 PI  AC 

01590 

01B3 

U7 

8017 

STA 

A 

1!  2 PI  AC 

01600 

0136 

7F 

A054 

CLR 

STATUS  INDICATE  PROG  RAMI'  ill  JG  = INPUT 

01610 

01U9 

39 

RTS 

01630 

* this 

SUBROU 

TINE  READS  DATA  FROM  THE 

01640 

* ADDRE 

:ss  uni 

C1I  IS  STORED  IN  LOCATION 

01650 

* $A055 

. AND  PLACES  THE 

DATA  111  LOCATIONS 

01660 

* $A050 

- (MSB) 

6 $A05I- 

(LSB) 

0 1 680 

01  LA 

7D 

AO  5 4 

READ 

TST 

STATUS 

01690 

0 1 BD 

27 

02 

BEQ 

READ  1 

01700 

0 1 BF 

SD 

El 

BSR 

RIM  IT 

01710 

0 1 C 1 

B6 

AO  5 5 

READ1 

LDA  A 

ADDR 

0 1720 

01C4 

B7 

6010 

STA  A 

A 1 PI AD 

STORE  ADDR  IN  OUTPUT  BUFFER 

0 1730 

0 1C7 

86 

02 

LDA  A 

#02 

01740 

01C9 

B7 

8014 

STA  A 

A2PIAD 

ENABLE  CHIP  SELECT  (CS) 

01750 

01CC 

86 

03 

LDA  A 

#03 

0 1760 

0 1 Cl! 

B7 

8014 

STA  A 

A2PIAD 

START  CLOCK  PULSE 

01770 

0 1 D 1 

C6 

02 

LDA  B 

#$02 

01790 

* GEN  5 

1 CPU  CYCLE  CLK 

PULSE 

01800 

01D3 

F7 

8014 

STA  B 

A2PIAD 

STOP  CLK 

01810 

01D6 

C6 

32 

LDA  B 

#?32 

01820 

0 1 DO 

T7 

8014 

STA  B 

A2PIAD 

STROBE  DATA  6 ENABLE 

01830 

* 

READ 

DATA  SIGNAL  (RDE) 

01840 

0 1 DB 

FG 

3012 

LDA  B 

B1PIAD 

READ  MSB  OF  DATA 

01850 

0 1 DE 

D6 

3016' 

LDA  A 

B 2 PI AD 

READ  LSB  OF  DATA 

0 1860 

0 1 El 

B7 

AO  50 

STA  A 

RDATA1 

01  370 

0 1 E 4 

F7 

AO  5 1 

STA  B 

RDATA2 

PUT  DATA  IN  TEMP  STORAGE 

01880 

0 1 E7 

7F 

8014 

CLK 

A2PIAD 

0=CS , RDE , DATA  STROBE 

01890 

01EA 

7F 

8010 

CLR 

A 1 PI AD 

0 --ADDRESS  BUFFER 

01900 

01  ED 

39 

RTS 
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01920  * MONITOR  NUMBER  TWO 

01930  * ENTER  FOR  TEST  PROGRAM  SELECTION 


01950 

0 1 EE 

7F 

A06D 

MOII2E 

CLR 

WMODE 

01960 

0 1 F 1 

CE 

1000 

MON2E2 

LDX 

#$1000 

01970 

01F4 

FF 

A0  6 8 

STX 

WPWID 

INIT  WRITE  PULSE  WIDTH 

01980 

01F7 

FF 

A066 

STX 

EPWID 

" ERASE  " " 

01990 

01  FA 

8E 

AO  40 

MON  2 

LDS 

#$A040 

02000 

0 1 FD 

BO 

0106 

JSR 

INIT 

02010 

0200 

CE 

0279 

LDX 

#C0I1M1  6 

02020 

0203 

BD 

E07E 

JSR 

PDATA1 

PRNT  DIRECTORY 

02030 

0206 

BD 

03D7 

JSR 

INHEX 

INPUT  INSTRUCTIONS 

02040 

0209 

81 

01 

CMP 

A 

#1 

02050 

020B 

26 

05 

BNE 

*+7 

02060 

02CD 

CE 

0349 

LDX 

# MARCH 1 

02070 

0210 

20 

33 

BRA 

EXMON 

MARCH  SELECTED 

02080 

0212 

81 

02 

CMP 

A 

#2 

02090 

0214 

26 

05 

BNE 

*+7 

02100 

0216 

CE 

0354 

LDX 

#MASES 1 

02110 

0219 

20 

2A 

BRA 

EXMON 

MASEST  SELECTED 

02120 

021  B 

81 

03 

CMP 

A 

#3 

02130 

021  D 

26 

05 

BNE 

02140 

02 1 F 

CE 

0360 

LDX 

#GALPA1 

02150 

0222 

20 

21 

BRA 

EXMON 

GALPAT  SELECTED 

02160 

0224 

81 

04 

CMP 

A 

#4 

02170 

0226 

26 

05 

BEE 

*+7 

02180 

0228 

CE 

036C 

LDX 

#WAKPA1 

02190 

022B 

20 

18 

BRA 

EXMON 

WAPKPAT  SELECTED 

02200 

022D 

81 

FF 

CMP 

A 

If  OFF 

02210 

022F 

26 

03 

BNE 

*+5 

02220 

0231 

7E 

04A2 

JMP 

PCONTL 

ELSE  WIDTH  CTRL  SELECTED 

02230 

0234 

81 

OD 

CMP 

A 

#$D 

02240 

0236 

26 

03 

BNE 

*+  5 

02250 

0238 

BD 

0693 

JSR 

DISPLY 

DISPLAY  MNOS  CONTENTS 

02260 

02313 

20 

BD 

BRA 

MON  2 

02280 

0230 

CE 

0326 

LDX 

#C0MM1 8 

02290 

o 240 

BD 

E07E 

JSR 

PDATA1 

PRNT  'INVALID  SELECTION' 

02300 

0243 

20 

B5 

BRA 

MON  2 

02320 

0245 

EXMON 

EQU 

* 

02330 

0245 

FF 

A056 

STX 

XTEMP 

02340 

0248 

BD 

0450 

JSR 

OCRLF 

02350 

024D 

CE 

0314 

LDX 

# COMM 17 

02360 

024E 

BO 

E07E 

JSR 

PDATA1 

PRNT  'PROGRAM  SELECTED' 

02370 

0251 

FE 

AO  5 6 

LDX 

XTEMP 

02380 

0254 

BO 

E07E 

JSR 

PDATA1 

PRNT  NAME  OF  PROGRAiM 

02390 

0257 

08 

INX 

02400 

0258 

EE 

00 

LDX 

X 

GET  SUBROUTINE  ADDR 

02410 

025A 

FF 

A056 

STX 

XTEMP 

02420 

0250 

8C 

0714 

CPX 

#MASEST 

02430 

0260 

27 

03 

BEQ 

*+5 

02440 

0262 

BD 

0396 

JSR 

START 

GET  TESTWORD  6 PATTERN 

02450 

0265 

CE 

0558 

LDX 

#COMM24 

■ C 1 

1 

I i 

iii 


84 
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02460 

0268 

iid 

E07E 

JSR 

PDATA1 

PRNT 

1 TEST 

IIJ  PROGRESS' 

02470 

026B 

FK 

AO  5 6 

LDX 

XTEUP 

02400 

026E 

AD 

00 

OSR 

X 

GO  TO 

TEST 

SU11RT 

02490 

0270 

CE 

056B 

I.DX 

tf  COMM  2 5 

02500 

0273 

UD 

E07E 

JSR 

PDATA1 

PRNT 

' TEST 

COMPLETE ' 

02510 

0276 

7E 

01  FA 

JMP 

MOH2 

02530 

0279 

OD 

COMM 16  FCB 

SOD, 80A, 

02540 

027C 

53 

FCC 

/SELECT  DESIRED  PROGRAM/ 

02550 

0292 

OD 

FCB 

5d,$a 

02560 

0294 

30 

FCC 

/0 1 MARCH/ 

02570 

02A0 

OD 

FCD 

$ D , $ A 

02500 

02A2 

30 

FCC 

/02  MASEST/ 

02590 

02AF 

OD 

FCB 

?D,$A 

02600 

021)1 

30 

FCC 

/03  GALPAT/ 

02610 

02BE 

OD 

FCB 

$D,$A 

02620 

02C0 

30 

FCC 

/04  WAKPAT/ 

02530 

0 2CD 

OD 

FCB 

$D , $A 

02640 

02CF 

30 

FCC 

/OD  DISPLAY  MHOS  CONTENTS/ 

02650 

02EB 

OD 

FCB 

$D,$A 

02660 

02ED 

46 

FCC 

"FF  PULSE  WIDTHS  DISPLAY/CHAHGE" 

02670 

03  OF 

OD 

FCB 

$d;?a 

02600 

031  1 

3F 

FCC 

/?  / 

02690 

0313 

04 

FCB 

4 

02700 

0314 

50 

COMM 17  FCC 

/PROGRAM  SELECTED  / 

02710 

0325 

04 

FCB 

4 

02720 

0326 

OD 

COMM 10  FCB 

$D,$A 

02730 

0328 

49 

FCC 

/INVALID  SELECTION  - TRY  AGAIN/ 

02740 

0345 

OD 

FCB 

?0 , $A, $3F , 4 

02760 

0349 

MARCH 1 EQU 

* 

02770 

0349 

OD 

FCB 

$d,?a 

02700 

034B 

20 

FCC 

/ MARCH/ 

02790 

0351 

04 

FCB 

4 

02000 

0352 

06C6 

FDB 

MARCH  SUBROUTINE  ADDRESS 

02310 

* 

02820 

0354 

MAS ESI  EQU 

* 

02830 

0354 

OD 

FCB 

$D , $A 

02840 

0356 

20 

FCC 

/ MASEST/ 

02050 

035D 

04 

FCB 

4 

02360 

035E 

0714 

FDB 

MASEST  SUBROUTINE  ADDRESS 

02870 

♦ 

02800 

0360 

GALPA1  EUU 

* 

02090 

0360 

OD 

FCB 

$D,$A 

02900 

0362 

20 

FCC 

/ GALPAT/ 

02910 

0369 

04 

FCB 

4 

02920 

036A 

0825 

FDB 

GALPAT  SUBROUTINE  ADDRESS 

02930 

* 

02940 

036C 

WAKPA1  EQU 

* 

02950 

036C 

OD 

FCB 

$D,$A 

02960 

036E 

20 

FCC 

/ WAKPAT/ 

02970 

0375 

04 

FCB 

4 

02980 

0376 

0583 

FDB 

WAKPAT  SUBROUTINE  ADDRESS 

Ll A 


■-?’ rrzr'  ■■ 


Man 


■ 


PAGE  007  NCR. 2 051 


03000 

♦ 

THIS 

SUBROUTINE  PRIM 

VS  THE  CONTENTS  OF 

03010 

* 

THE 

BACKGROUND  VEST 

PATTERN  AND  TEST  WORD 

03020 

+ 

AND 

ALLOWS 

THE  OPERATOR  TO  CHANGE 

03030 

* 

TIIE 

CONTEJ  IT 

'S  IF  DESIRED 

03050 

0378 

CE 

0453 

RSTART 

ld>: 

(COMM1 1 

0 30  60 

037)1 

I1D 

0450 

JSK 

OCIILF 

03070 

037E 

HD 

E07E 

JSR 

PDATA1 

PRNT  'INPUT  BACKGROUND 

03080 

♦ 

TEST  PATTERN ' 

03000 

0381 

HD 

03P7 

JSR 

INHEX 

GO  INPUT  4 HEX  CHAR 

03100 

0384 

FF 

A064 

STX 

DEI! 

03120 

0387 

CK 

047A 

LDX 

(COMHl  2 

03130 

03CA 

UD 

0450 

JSR 

OCRLF 

03100 

038U 

BD 

E07E 

JSR 

PDATA1 

PRNT  "INPUT  TEST  WORD" 

03150 

0300 

HD 

03D7 

JSR 

INHEX 

GO  INPUT  4 HEX  CHAR 

03160 

0393 

I'F 

AO  6 2 

STX 

TEE 

03180 

* 

ENTER  SUBROUTINE  HERE 

03190 

0396 

CE 

0471 

STi 

VRT  LDX 

(COMM  13 

03200 

0399 

I1D 

0450 

JSR 

(X3RLF 

03210 

0 39C 

no 

E07E 

JSR 

PDATA 1 

PRNT  "PATTERN  " 

03220 

03  9F 

CE 

A0  6 4 

LDX 

(BEE 

03230 

03A2 

HP 

HOC  8 

JSR 

OIJT4HS 

PRNT  CONTENTS  OF  PATTERN 

03240 

0 3A5 

CE 

0480 

LDX 

(coar.i  4 

03250 

03  AS 

HD 

E07E 

JSR 

PDATA 1 

PRNT  "TEST  WORD  " 

03260 

03  AD 

CE 

A062 

LDX 

(TEE 

03270 

03AE 

no 

E0C8 

JSR 

OUT  4 IIS 

GO  PRNT  CONTENTS  OF  TEST  WORD 

03200 

03B1 

CE 

04811 

DECIS  LDX 

(COMM15 

03  290 

031)4 

HO 

04  50 

JSR 

OCRLF 

03300 

03117 

HO 

E07E 

JSR 

PDATA 1 

PRNT  "CO  OR  RE-ENTER  ? " 

03310 

03 1)A 

HO 

1)1  AC 

JSR 

INCHAR 

03320 

031)0 

81 

47 

CUP  A 

# 'G 

03330 

0311F 

26 

01 

. I1NE 

*+3 

03340 

03C1 

39 

RTS 

GO  RUN  TEST 

03360 

0 3C2 

31 

52 

CUP  A 

( >R 

03370 

03C4 

26 

03 

BNE 

*+5 

03380 

03C6 

7E 

0378 

JMP 

RSVART 

GO  RE-ENTER  DATA 

03390 

03C9 

81 

58 

CMP  A 

ex 

03400 

G3CB 

26 

03 

BNE 

*1-5 

03410 

03CD 

7E 

EODO 

JMP 

MIKBUG 

03420 

03D0 

81 

03 

CtlP  A 

If  SO 3 

TST  FOR  CONTROL  C 

03430 

0302 

26 

OD 

HUE 

DICIS 

03440 

0304 

7E 

01  FA 

JMP 

MOM  2 

03460 

* 

+ 

INPUT  HEX 

CHARACTER 

STRING 

03470 

* 

TERMINATED 

\\{  CR,  X, 

CONTROL  X,  OR 

03480 

♦ 

CONTROL  C 

03490 

A0  61 

H 

EQU 

$A06  1 

03500 

A0  60 

K 

EQU 

$A060 

86 


__ 


* 
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03520 

03D7 

IiNlIIlX 

EQU 

* 

03530 

03D7 

7F 

AOG  1 

CLR 

11 

03540 

03  DA 

7F 

A060 

CER 

K 

03550 

03  DO 

13D 

FI  AC 

min  mi 

JSR 

INCHAR 

03560 

03M0 

81 

58 

CMP 

A 

* 'X 

03570 

03112 

26 

03 

BNE 

++5 

03580 

03114 

7E 

MOOO 

JMP 

M1KUUG 

03  590 

0 3117 

81 

00 

CMP 

A 

#$0D 

CARRIAGE  RET 

03600 

03119 

26 

07 

BNE 

*+9 

03610 

03nn 

FE 

A060 

BOX 

K 

03620 

0 31111 

U6 

AO  61 

I.DA 

A 

II 

03630 

03F1 

39 

RTS 

03650 

03F2 

01 

03 

CMP 

A 

#$03 

CONY ROB  C 

03660 

03F4 

26 

03 

BNE 

*+5 

03670 

03F6 

711 

0 1 FA 

JMP 

MON  2 

03600 

031’9 

81 

18 

CtlP 

A 

#818 

COMTROB  X 

036OQ 

03FR 

26 

03 

UNK 

*4.5 

03700 

03FD 

711 

0432 

JMP 

DEB11TE 

03710 

0400 

80 

30 

sun 

A 

#-$30 

03720 

0402 

2D 

41 

BMI 

Cl 

NOT  HEX 

03730 

0404 

81 

09 

CMP 

A 

#$09 

03740 

0406 

2F 

08 

BLE 

iu  i no 

03  750 

0408 

2n 

3n 

BMI 

Cl 

NOT  HFX 

03760 

040A 

81 

16 

CMP 

A 

#$16 

03770 

040C 

2E 

37 

BOY 

Cl 

NOT  HEX 

03700 

04  OK 

80 

07 

sun 

A 

#?7 

03800 

041 

0 

in  i no 

EQU 

* 

03010 

0410 

84 

OF 

AMD 

A 

#?0F 

03820 

0412 

78 

A06  1 

AGE 

H 

SHIFT  2 BYTE  REGISTER 

03830 

0415 

79 

AOGO 

ROE 

K 

ONE  CHARACTER  TO  BEET 

03340 

0413 

78 

A061 

ASB 

11 

03050 

04  Ul 

79 

AO  SO 

ROB 

K 

03860 

04111 

78 

A061 

ASB 

11 

03870 

0421 

79 

AOGO 

ROB 

K 

03880 

0424 

78 

AOG  1 

ASB 

H 

03090 

0427 

79 

A060 

ROB 

K 

03900 

042A 

nn 

A06  1 

AOO 

A 

U 

039  10 

042D 

B7 

A061 

STA 

A 

H 

0 3920 

0430 

20 

AB 

BRA 

I1NU1X 1 

03940 

0432 

CK 

043A 

DEI.ETF 

BOX 

♦COMM 10 

03950 

0435 

no 

F07K 

JSR 

PDATA1 

03960 

0430 

20 

9D 

BRA 

IIII1EX 

03980 

043A 

20 

* 

COMM 10 

FCC 

/ DEBET  I’D/ 

03990 

0442 

OD 

rcn 

$0D, $0A, $04 

04000 

0445 

86 

3F 

Cl 

I, DA 

A 

# '? 

04010 

0447 

BD 

1107  5 

JSR 

(HITCH 

04020 

0 4 4A 

BD 

0450 

JSR 

(XI  REF 

04030 

04  4B 

7K 

0432 

JMP 

DEEETE 

04040 

0450 

86 

OD 

OC  REF 

EDA 

A 

# $0D 

87 
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04050 

0452 

11D 

i:075 

JSR 

OUTCH 

04060 

0455 

06 

OA 

LUA  A 

ft  30A 

04070 

0457 

no 

E075 

JSR 

OUTCH 

04000 

045A 

39 

RTS 

04100 

0 4 511 

49 

COMM  1 

FCC 

/III PUT  BACKGROUND  TEST 

/ 

04110 

C.471 

50 

COMI 1 1 3 

FCC 

/PATTERN  / 

04120 

0479 

04 

FOB 

$04 

04130 

047A 

49 

COMM  12 

FCC 

/INPUT  / 

04140 

0 4 30 

54 

COMM  14 

FCC 

/TEST  WORD  / 

04150 

048A 

04 

fcb 

$04 

04160 

04011 

47 

COMM 15 

FCC 

/GO  OR  RE-ENTER  DATA  ? 

/ 

04170 

04A1 

04 

FCB 

$04 

04  190  * SUBPROGRAM  PCONTL 


04200 

04A2 

CE 

05  IF 

PCONTIi 

LDX 

{COMM22 

04210 

0 4A5 

DD 

0450 

JSR 

OCRLF 

04220 

04  AC 

BD 

E07E 

JSR 

PDATA1 

PRNT  "PULSE  WIDTH  WORD" 

04230 

04AB 

CE 

0531 

LDX 

#C©*MM23 

04240 

04AE 

BD 

E07E 

JSR 

PDATA  1 

"WRITE" 

04250 

04B1 

CE 

A060 

LDX 

H'.PWID 

04260 

04B4 

BD 

E0C8 

JSR 

OUT4HS 

PRNT  CONTENTS  OF  WRITE  WORD 

04270 

0 4117 

CE 

05  IF 

LDX 

# COMM 2 2 

04230 

04  BA 

BD 

04  50 

JSR 

OCRLF 

04290 

04BD 

BD 

E07E 

JSR 

I'D  AT  A 1 

PRNT  "POI.SE  WIDTH  WORD" 

04300 

04C0 

CE 

053A 

LDX 

ft  COMM  19 

04310 

04C3 

BD 

E07E 

JSR 

PDA'*  A 1 

PRNT  "ERASE" 

04320 

04C6 

CE 

A06  6 

LDX 

UtPWTD 

04330 

04C9 

BD 

E0C8 

JSR 

OUT 4 ES 

PRNT  CONTENTS  OF  ERASE  WORD 

04340 

04  CC 

CE 

0543 

DECS 

LDX 

(COMM20 

04350 

04CF 

BD 

E07E 

JSR 

l’DATAl 

PRNT  "OK  OR  RE-ENTER?" 

04360 

04D2 

BD 

El  AC 

JSR 

INC EAR 

04  370 

041)5 

01 

4F 

CMF 

A 

ft  '0 

OK 

04380 

04D” 

26 

03 

BNE 

*+5 

04390 

0409 

7E 

0 1 FA 

JMP 

MON  2 

04  4 00 

04  DC 

01 

52 

CMP 

A 

6 '!( 

RE-l.NTKR 

0 4 4 10 

0 4 DE 

26 

03 

BNE 

* + 5 

04420 

041.0 

7S 

04F 1 

JMP 

CHANGE 

04  4 30 

04E3 

01 

50 

a .v 

A 

{'X 

04440 

04E5 

26 

03 

DUE 

+ 1-5 

04450 

04E7 

7E 

EODO 

JMP 

fUKBUG 

4460 

OftEA 

01 

03 

CMP 

A 

t$3 

0 4 470 

04EC 

26 

DE 

BNE 

DECS 

04480 

0 4 EE 

7E 

01  FA 

JMP 

MON  2 

04500 

04F1 

CE 

0517 

CHANGE 

_.DX 

ICOM1121 

04510 

04F4 

BD 

E07E 

JSR 

PDATA 1 

PRNT  'INPUT  PULSE  WIDTH  WORD' 

04520 

04F7 

CE 

0531 

LDX 

ICOMM23 

04530 

04FA 

DD 

K07E 

JSR 

PDATA 1 

PRNT"WRITE" 

04540 

04PD 

BD 

03D7 

JSR 

IUHEX 

04550 

0 500 

FF 

A06B 

S'.’X 

WPVJID 

04560 

0503 

CE 

0517 

LDX 

{COMM 2 1 

88 

1 1 a 


* 
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04  570 

0506 

UD 

E07E 

JSR 

04580 

0509 

CE 

05  3 A 

LDX 

04  590 

0S0C 

RD 

E07E 

JSR 

04600 

050F 

PD 

03D7 

JSR 

04610 

0512 

FF 

A06  6 

STX 

04620 

0515 

20 

81) 

DRA 

04640 

0517 

0D 

COMM 21 

FCB 

04650 

0519 

49 

FCC 

04660 

05  IF 

50 

COMM  2 2 

FCC 

04670 

0530 

04 

FCD 

04680 

0 531 

21) 

COMM23 

FCC 

04690 

0539 

04 

FCD 

04700 

053A 

2D 

COMM  19 

FCC 

04710 

0542 

04 

FCD 

04720 

0543 

OD 

COMM 20 

FCB 

04730 

0545 

4F 

FCC 

04740 

0555 

OD 

FCB 

04750 

0558 

OD 

COMM 2 4 

FCB 

04760 

055A 

54 

FCC 

04770 

05  6A 

04 

FCB 

04780 

056B 

20 

COMM 2 5 

FCC 

04790 

0502 

04 

FCD 

II 

I t 

K 

1 1 


PDATA1 
#COMM1 9 

PDATA1  PKNT"ERASE" 

IN  HEX 
IPWID 
PCONTI. 

'I 

$D,$A 
/INPUT  / 

/l’ UESE  WIDTH  WORD  / 

4 

/-  WRITE  / 

4 

/-  ERASE  / 

4 

$D,$A 

/OK  OR  RE-ENTER  ?/ 

$D,$A, 4 
$D , $A 

/TEST  IN  PROGRESS/ 

4 

/ TEST  COMPLETE / 

4 


89 


PACK 

Oil 

UCR.20J 

il 

04810 

* DEFINE  SCRATCH  AREAS 

04820 

A06A 

FTU  EQU 

$A06A 

04830 

A06A 

CURADD  EQU 

$A0  6 A 

°4040 

AOGB 

COMADD  EQU 

$A06B 

04050 

AOGC 

CDATA1  EQU 

$A0GC 

048G0 

A062 

TEF,  EQU 

$A0G2 

04870 

A06  4 

BEE  EQU 

$A0G4 

04890 

0583 

WAKPAT  EQU 

* 

04900 

0503 

LSD  05133 

JSR 

BCKGHD 

GO  WRITE  BACKGROUND  PATTERN 

04910 

0586 

7F  A06A 

CLR 

PTR 

04920 

0589 

FE  AO  6 2 

LOOP  1 LDX 

TEE 

TESTWORD 

04930 

058C 

F F AO 5 2 

STX 

WDATA1 

04940 

0 58F 

136  A06 A 

LDA  A 

PTR 

04950 

059  2 

B7  AO 5 5 

STA  A 

ADDR 

0 4 9 G 0 

0595 

I3D  0150 

JSR 

WRITE 

04980 

0598 

7F  AO 5 5 

CLR 

ADDR 

04990 

059B 

BD  01  BA 

LOOP 2 JSR 

READ 

05000 

05  913 

FE  AO 50 

LDX 

RDATA 1 

05020 

* TST  FOR  LOCATION  WITH  TEST  WORD 

05030 

05A1 

DG  AO 5 5 

LDA  A 

ADDR 

05040 

05A4 

U1  AOGA 

CMP  A 

PTR 

05050 

05A7 

27  OA 

BI3Q 

LOOP 2 A 

05070 

* TEST  FOR  BACKGROUND 

PATTERN 

05080 

0 5A9 

BC  AO 6 4 

CPX 

BEE 

BACKGROUND 

05090 

05AC 

27  03 

BEQ 

*+5 

05100 

0 5 All 

BD  0619 

JSR 

ERROR 1 

05110 

05B1 

20  08 

BRA 

LOOP 2 B 

05130 

* TEST  FOR  TEST  WORD 

05140 

05n3 

BC  A0G2 

LOOP 2 A CPX 

TEE 

TEST  WORD 

05150 

05B6 

27  03 

BEQ 

*+5 

051  GO 

05138 

13D  06  40 

JSR 

ERROR2 

05180 

* TEST  FOR  TOP  OF  MEMORY 

05190 

05  on 

136  AO 5 5 

LOOP 2 B LDA  A 

ADDR 

05200 

051313 

81  IF 

CMP  A 

#?1F 

05210 

05C0 

27  05 

BEQ 

LOOP  3 

05220 

05C2 

7C  A055 

INC 

ADDR 

05  230 

05C5 

20  D4 

BRA 

LOOP  2 

05250 

* RESTORE  BACKGROUND 

PATTERN 

0 5 2 G 0 

05C7 

FE  AOG  4 

LOOP 3 LDX 

BEE 

BACKGROUND 

05270 

05CA 

FF  AO 5 2 

STX 

WDATA1 

05280 

05CD 

B6  AOGA 

LDA  A 

PTR 

05290 

0 5D0 

B7  AO 5 5 

STA  A 

ADDR 

05300 

05D3 

BD  0150 

JSR 

WRITE 

05320 

05DG 

B6  AO 6 A 

LDA  A 

PTll 

05330 

05D9 

81  IF 

CMP  A 

# $ 1 F 

90 

•* 
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05340 

05l)U 

27  05 

UKQ 

EM1J  IT 

05350 

osdd 

VC  A06A 

INC 

PVR 

U5J60 

OSLO 

20  A7 

mc\ 

LOOP  1 

05300 

05L2  UN  Dll' 

uuu 

* 

05390 

05E2 

39 

RTS 

i 


054  JO 

* subroutine 

: WRITE  BAOKHKOUND 

05420 

* THIS  wu 

ivi: 

S TEL  DACKO.UiHiND  PATTERN  IN  1 

05430 

♦ ENTIRE  Ml  MORY  MIEN 

READii  THE  MEMORY 

054  40 

* AND  VERITIES  VEAT 

THE  DEC Kl. ROUND  PATTK 

054  50 

* WAS  WRITTE 

M 

05470 

05E3 

DCKiiND  El'll 

* 

05400 

05E  1 

EE 

\0>'6 

LUX 

DEE 

DACKllROUND 

05490 

OSLO 

IT 

AO  5 2 

STX 

WDATA 1 

05500 

o ■;»:*> 

VP 

AO  5 5 

CLR 

AUUR 

0 55  JO 

05  EC 

r-D 

01  50 

BCK1  JSR 

WRITE 

05520 

05EE 

l>  6 

AO  5 5 

EDA 

A 

ADDR 

05  5 30 

C5F2 

81 

IP 

CMP 

A 

#$>F 

05  54  0 

05F4 

27 

05 

in  :o 

♦*■7 

TOP  OP  MEMORY 

05  550 

0 5 El- 

70 

AOS  5 

INC 

ADDR 

055ti  0 

0584 

20 

PI 

DRA 

11CK 1 

0 1580 

05  PI* 

VP 

AO  5 5 

CI.R 

ADDR 

05000 

* VERIFY 

C5<>  10 

0 5 PE 

I'jD 

0 1 UA 

DOE 2 JSR 

READ 

05*i  JO 

0001 

PL 

AO  -0 

LUX 

RDATA 1 

050  30 

0i.04 

DC 

A 0 1»  4 

CPX 

DEE 

DACKllROUND 

05040 

Ot-O  / 

27 

03 

DEO 

* + 5 

05*  o 

0l.0'» 

UD 

06  4 p 

JSR 

ERROR3 

OHioO 

0600 

D6 

AO  5 5 

EDA 

A 

ADDR 

0567  0 

06  OP 

81 

IE 

CMP 

A 

*5  IF 

050  SO 

0(>  1 1 

27 

05 

DEO 

*67 

05690 

0(>  1 I 

7C 

AOS  5 

INC 

ADDR 

05700 

lit-  lt> 

20 

L6 

DRA 

BCK2 

057  10 

0*.  18 

39 

RTS 

05730 

0619 

16 

ERROR  1 PSD 

A 

05740 

061 A 

PP 

AO  5 6 

STX 

XTEUP 

05750 

06  1 1) 

OK 

0658 

LDX 

{CLKRt 

05700 

06  20 

DU 

L07L 

ERR1A  JSR 

PDATA1 

05770 

0623 

OE 

A06  4 

LDX 

(f  REE 

05780 

0626 

DD 

LOOS 

LRU 1 D JSR 

OUT  4 IIS 

PRINT  WRITTEN  DATA 

05790 

0629 

CL 

AO  50 

LDX 

# RDATA 1 

05800 

0620 

DU 

LOO  8 

JSR 

OUT  4 IIS 

PRINT  READ  DATA 

05810 

06 2F 

CE 

06  851 

LDX 

ICADD 

05820 

0632 

DD 

L07L 

JSR 

PDATA1 

05830 

063  5 

CL 

AO  5 5 

LDX 

(ADDR 

: I 


91 


PACK  013 


NCU. 2051 


I 

I 


1 


05840 

0638 

UD 

MOCA 

JSR 

0UT2IIS 

05850 

06  311 

32 

PUL 

A 

05800 

063C 

I’ll 

A056 

Ll)X 

XVMMP 

05870 

06  3F 

39 

RTS 

05890 

0640 

36 

r.KR0R2 

PSll 

A 

05900 

0641 

VV 

AO  56 

STX 

XTI21P 

05910 

0644 

a: 

0666 

ldx 

#CERR2 

05920 

0647 

LU) 

M07E 

ERR2A 

JSR 

PDA'i'A  1 

059  30 

06  4A 

CM 

A06  2 

LDX 

#TEE 

059  40 

0641) 

20 

D7 

nuA 

ERR  ID 

05960 

06  4F 

36 

ERR0R3 

PSH 

A 

05970 

0650 

FF 

AO  5 6 

STX 

XTEUP 

05980 

0653 

on 

067  5 

LDX 

it  C ERR  3 

05990 

06  56 

20 

C8 

ERA 

EUR  1 A 

0C0  10 

06  58 

01) 

CMUU 1 

FCU 

5n,$A 

0o020 

065A 

4 5 

FCC 

/EHR-TYPE  1 / 

OoO  30 

0665 

04 

Fen 

4 

060  4 0 

0666 

OD 

CERK2 

fcp 

f D , $A 

06050 

OCi.8 

45 

FCC 

/ERR-  TYPE  2 / 

0606  0 

0674 

04 

FCU 

4 

Oi  070 

0675 

on 

CERR3 

FCU 

$D,?A 

06080 

0677 

45 

FCC 

/EUR-  DCKGND  VERIFY  / 

06090 

06  8 A 

04 

FCU 

4 

00  1 00 

06  6^ 

41 

CADD 

FCC 

/ADDR  = / 

Oi.  110 

0692 

04 

FCU 

4 
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06130 

♦ subroutine 

DISPLAY  Till:  CONTENTS  OF 

06140 

* Tin:  ML 08  MEMORY  ON  TIIL  CRT  AND  WATT 

06150 

* FOR  ANY  CliARACTFR  TO  III'  IN  BUT  BEFORE 

06160 

* RETURNING 

TO  THE  CONTROL  I .OOP. 

06180 

0693 

DISPLY  EQU 

* 

06190 

0693 

7F 

AO  5 5 

CLR 

ADDR 

0620  0 

0696 

OD 

12 

BSR 

DIS 1 

06210 

0698 

80 

13 

BSR 

DIS2 

• ] 

06220 

06 9 A 

B6 

AO  5 5 

LDA  A 

ADDR 

06230 

0690 

81 

20 

CMP  A 

i $ 20 

06  2 40 

069  F 

26 

F5 

BNL 

DISPLY+3 

06250 

06  A 1 

86 

3F 

LDA  A 

# •? 

06260 

06A3 

BU 

L075 

JSR 

OUTCH 

06280 

* DISPLAY  CON 

TENTS  OF  MNOS  MEMORY  ON 

06290 

* CRT  UNTIL  ANY  CHAU  IS  INPUT  FROM  KEYBOARD 

06  300 

06A6 

UD 

i:  i ac 

JSR 

INCHAR 

06310 

06A9 

39 

RTS 

06  120 

06AA 

I'D 

04  50 

DIS1  JSR 

OCRLF 

06330 

06  AD 

BO 

01  BA 

DIS2  JSR 

READ 

06340 

06  BO 

CE 

AO  50 

LDX 

IRDATAl 

06  3 50 

0603 

IJD 

L0C8 

JSR 

OUT  4 IIS 

06360 

06  B6 

OR 

06  8 B 

LDX 

|C  ADD 

06370 

061.9 

BD 

L07L 

JSR 

PDATA1 

0t>360 

0(.BC 

CK 

AO  5 5 

LDX 

#ADDR 

06390 

06  OF 

BO 

f.oca 

JSR 

OUV2HS 

06400 

0602 

7C 

A055 

INC 

ADDR 

06410 

06C5 

39 

RTS 

. _ . 


pace 


015 


NCR. 2031 


06440 

* SUBROUTINE 

TEST  PROGRAM  — MARCH 

06460 

06C6 

MARCH 

EUU 

• 

06470 

06C6 

HD 

05E3 

a sr 

BCKGWD  WRITE  BO  OED  PATTERN 

06480 

06C9 

7F 

AO  5 5 

CLR 

ADDR 

06  49  0 

06CC 

FL1 

AO  6 2 

LDX 

TEE 

06500 

06CF 

FF 

AO  5 2 

STX 

WDATA 1 

00510 

061)2 

1)D 

01  DA 

LP1 

JSR 

READ 

06520 

0605 

FE 

AO  50 

I.DX 

RDATA1 

06  530 

0608 

BC 

A064 

CPX 

BEE 

06540 

0601) 

27 

03 

BEQ 

*+5 

06550 

C ODD 

HD 

0619 

JSR 

ERROR  1 

06560 

06E0 

I)D 

0150 

JSR 

WRITE 

06570 

06E3 

1)6 

A055 

EDA 

A 

ADDR 

06580 

061’6 

81 

IF 

CMP 

A 

# $ IF 

06590 

06)18 

27 

05 

BF.Q 

*+7 

06600 

061.  A 

7C 

AO  5 5 

IhC 

ADDR 

066  10 

06  ED 

20 

E3 

BRA 

LP 1 

06630 

06  OF 

Fll 

AO  6 4 

LDX 

BEll 

06640 

06  F2 

FF 

AO  5 2 

SVX 

WDATA 1 

06650 

0 6 F 5 

1)D 

0 1 BA 

Li*2 

JSR 

riiAd 

0666!) 

06F8 

FE 

A050 

LDX 

RD AT A 1 

06670 

06FB 

HC 

A062 

CPX 

TEE 

06630 

06  I'll 

27 

03 

BEQ 

*65 

06690 

0700 

HD 

0640 

JSR 

ERROR 2 

06700 

070  3 

DD 

0150 

JSR 

WRITE 

06710 

0706 

7D 

AO  5 5 

VST 

ADDR 

06720 

0709 

27 

05 

BEQ 

*+7 

06730 

0 700 

7 A 

AOS  5 

DEC 

ADDR 

06740 

07011 

20 

E5 

BRA 

LP2 

06750 

0710 

HD 

05FE 

JSR 

BCK2  VERIFY  BCKCUD  RE-WRITTEN 

05760 

0713 

39 

RTS 

94 
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06700 

06000  0714 

06810  0714  DD  0727 
06020  0717  HD  0770 
06  830  071 A BO  974F 
06840  0711)  BD  072F 
06850  0720  BD  0773 
06860  0723  BD  074F 
06870  0726  39 


06890 

06900 

06910 


SUBROUTINE  TEST  PROGRAM  MASEST 


BASEST  EQU 
JSU 
JSR 
JSR 
JSR 
JSR 
JSR 
RTS 


PRNET 1 

TEST 

VFV 

PRSET2 

TEST 

VFY 


* ON  RETURN  FROM  TIE'S  SUBROUTINE  THE 

* DATA  IN  l .'DATA  1 IS  THE  DATA  WHICH  WAS 

* WRITTEN  INTO  ABB  EVEN  MEMORY  WORDS 


06930 

06940 

06950 
06  96  0 
06970 
06980 
06990 
07000 
07010 
07020 
07030 
070  49 
07060 
070c0 
07070 
070  80 
07090 


PRSKT 


* START  WITH  ABB  I'S  IN  ADDR  00 

PRSET1  BOX  i1  vTFFF 

STX  WDATA1 

BRA  PRSET 

* START  WITH  ABB  0'S  IN  ADDR  00 

PRSKT 2 LEX  SO 

STX  WDATA1 

PRSET  CLR  ADDR 

JSR  WRITE 

COM  WDATA1 

COM  WDATA1+1 

BDA  A ADDR 

CMP  A #$1F  TEST  FOR  4 

BNE  * + 4 

BRA  VFY 

INC  ADDR 

BRA  PRSET+3 


CBR 

JSR 

COM 

COM 

BDA  A 

CMP  A 

BNE 

BRA 

INC 

BRA 


EST  FOR  TOP  OF  MEMORY 


07  110 
07  120 
07  130 
07140 
07  150 
07160 
07170 
07180 
07190 
07200 
07210 
07220 
07230 
07240 


;p,IFY  ALTERNATING  DATA  PATTERN 


7F  A0 5 5 VFY 
BD  01  BA 
FE  A0 50 
DC  A052 
27  03 
BD  07CA 
73  AOS 2 
73  A053 
B6  AOS 5 
81  IF 
26  01 
39 

7C  AOS  5 


07250  0771  20  DF 


CEK 

JSR 

I,DX 

CPX 

BEQ 

JSR 

COM 

COM 

BDA  A 

CMP  A 

BNE 

RTS 

INC 

BRA 


ADDR 

READ 

RDATA1 

WDATA1 

*+5 

I1RKOR6 

WDATA1 

I JDATA1  + 1 

ADDR 

S$1F 

*+3 

ADDR 

VFY+3 


L 


! 


i 


PACK 
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07280 

* 

T1H 

S SUBROUTINE  TESTS  THE  MEMORY  FOR 

07290 

+ 

ALTERNATING  DATA  PATTERNS  (OATA-COf iPLEMENT- 

07300 

+ 

OATA-OOMPIiEMEllT-ETC.)  ASSUMING  THAT  THE 

07310 

* 

DATA  III  L0ATA1  UPON  ENTRY  IS  THE  DATA  WHICH 

07320 

* 

WAS 

WRITTEN  INTO  ALL  EVEN  ADDRESSES. 

07340 

0773 

7F 

A06A  TOST 

CLR 

CURADD 

07350 

0776 

86 

IF 

LDA  A 

#$1F 

07360 

* 

07370 

* 

OOMAOO  CONTAINS  THE  COMPLEMENT  OF  THE 

07380 

* 

ADDRESS  IN 

WHICH  THE  DATA  WAS  WRITTEN 

07390 

* 

(THE  adore: 

IS  IN  WHICH  DATA  WAS  WRITTEN 

07400 

* 

IS 

CONTAINED  III  CURADD) 

07410 

* 

07420 

0778 

U7 

AOGD 

BTA  A 

COMADI) 

07  4 30 

0771) 

IT. 

AO  5 2 

I.DX 

V/DATA1 

07  44  0 

07  7 r: 

FF 

AOGC 

STX 

CDATA 1 

07450 

070  1 

73 

A06C 

COM 

CD AT A 1 

0 7 4 G 0 

07  8 4 

73 

AOGD 

COM 

CDATA 1+1 

07470 

0787 

1)6 

AOG A TS 

T2 

LDA  A 

CURADD 

07480 

0 7 8 A 

130 

07A9 

JSR 

TST 1 

07490 

0780 

1)6 

AOGB 

LDA  A 

COMADD 

07  500 

0790 

110 

07A9 

JSR 

TST  1 

07510 

0793 

a 6 

AOG  A 

LDA  A 

curad^ 

07520 

0796 

110 

07A9 

JSR 

TS'1'1 

07530 

0799 

116 

AO  6 A 

LDA  A 

CURADD 

07540 

0790 

81 

IF 

CMP  A 

1!  5 1 F TEST  FOR  TOP  OF  MEMORY 

075  50 

079): 

26 

01 

ONE 

*3-3 

0 7 5 G 0 

0 7 AO 

39 

RTS 

07  570 

07A1 

7C 

AOGA 

INC 

CURADD 

07580 

07A4 

7 A 

AOGB 

DEC 

COMADD 

07590 

07A7 

20 

DK 

URA 

TST  2 

0 7 G 1 0 

07A9 

B7 

AO 5 5 TS 

T 1 

STA  A 

ADDU 

07620 

0 7 AC 

BD 

0 IBA 

JSR 

READ 

07630 

07AF 

I’D 

AO  50 

LDX 

RDATA 1 

07640 

07112 

U6 

A055 

LDA  A 

ADDR 

076  50 

0 7)15 

47 

ASR  A 

TST  FOR  ODD  OR  EVEN 

07GG0 

07P.6 

24 

09 

nee 

EVEN 

07670 

07B0 

UC 

AOGC 

CPX 

CDATA 1 

07600 

071JH 

27 

03 

BEQ 

*+5 

07  690 

07110 

BO 

07CF 

JSR 

ERROR4 

07700 

0700 

39 

RTS 

07710 

07C1 

nc 

AO 5 2 EVEN 

CPX 

WDATA 1 

07720 

0704 

27 

03 

BEQ 

++5 

07730 

0706 

BD 

07D9 

JSR 

ERRORS 

07740 

0709 

39 

RTS 

0 7 7 G 0 

07CA 

CE 

0817 

EUROR6 

I.DX 

(ICKRR6 

07770 

07CD 

20 

on 

BRA 

ERROR5+3 

07780 

07CF 

ci: 

0 7 FU 

ERROH4 

LDX 

#CERR4 

07790 

07D2 

81) 

ID 

BSR 

E3A 

I 


L 


I 
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07800 

071)4 

OK 

A06C 

L.DX 

iK.'DATA  1 

07810 

071)7 

20 

0 8 

DRA 

E3I1 

07820 

071)0 

CK 

0809 

errors 

LUX 

tfCERRS 

071!  30 

07  DC 

8 D 

1 3 

US  U 

El  A 

07840 

07  in: 

cr. 

AO  5 2 

LDX 

flWDATA 1 

070  SO 

0 7 K 1 

01) 

i:oea 

11311 

JS1< 

OUT 4 US 

07860 

0718) 

cr: 

08  8 0 

1,1 'X 

#CAl)|) 

07870 

071:7 

on 

rum: 

J S 8 

l'DATA  1 

07880 

07i:a 

cr, 

AOS  5 

l.DX 

SfADDR 

07800 

07i:n 

OD 

eoca 

JNU 

OUT 2 US 

07000 

071  0 

39 

RTS 

070  10 

071' 1 

01) 

i:07i: 

E3A 

jsn 

l'DATA  1 

0 7920 

07E4 

ci: 

A050 

l.DX 

jfRUATAl 

070  30 

071' 7 

OD 

i:oca 

JSU 

OUT  4 US 

07040 

071' A 

39 

RTS 

070(,0 

07  I'll 

01) 

C.KKR4 

l'CO 

$D , $A 

07070 

OW'D 

45 

I'CC 

/ERR-TYl’E 

07  080 

0808 

0 4 

l’CO 

<1 

07000 

0800 

01) 

ci:mi5 

ECO 

vD,  $A 

08000 

0800 

45 

FCC 

/ERR-  I’Yl’E 

08010 

0 8 1 8 

04 

ECO 

4 

080?0 

0017 

OD 

CEKR6 

ECO 

$D,  $A 

08030 

08  10 

45 

I'CC 

/ERR-TYl’E 

08040 

ok.:  4 

04 

ECU 

4 

1 . 
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08060  * SUBROUTING  TEST  PROGRAM  — GAEPAT 


ooooo 

0825 

GAEPAT  KUU 

* 

08090 

0825 

Ul) 

0832 

GAEPAT  JSR 

AA 

08100 

0828 

an 

08  E5 

JSR 

SWAP 

08110 

082B 

Ul) 

08.32 

JSR 

AA 

08120 

0S2E 

HD 

08E5 

JSR 

SWAP 

081  JO 

0UJ1 

39 

RTS 

08150 

0832 

RD 

05G3 

AA 

JSR 

HCKGND 

08100 

0835 

7F 

AObA 

CER 

PTR 

08170 

0838 

7F 

A055 

CLU 

ADD11 

08  180 

083a 

IT. 

A06  2 

A1 

LUX 

TEE 

08190 

08JE 

IT 

A052 

STX 

WDATA1 

08200 

084  1 

ED 

0150 

JSR 

WRITE 

(WRITE  TEST  WORD) 

0321  0 

0844 

111) 

0869 

JSR 

CITES  T 

GO  TO  READ- VERIFY  SEQUENCE 

08220 

0847 

B6 

A06  A 

LDA 

A 

PTR 

082  JO 

0 84A 

117 

A055 

STA 

A 

AUDR 

I.OAl)  TEST  ADDR 

08240 

084!) 

EG 

A06  4 

LUX 

DEI! 

08250 

08  60 

IT 

AO  5 2 

STX 

WDATA1 

08260 

0853 

BD 

0150 

JSR 

WRITE 

( RESTORE  BACKGROUND) 

08270 

0856 

1)6 

AO  6 A 

EDA 

A 

PTR 

08280 

08.59 

81 

IF 

CMP 

A 

»$1F 

08290 

0850 

26 

01 

DUE 

* + 3 

08300 

08  51) 

39 

RTS 

08J  10 

0851! 

7C 

A06A 

INC 

PTR 

08320 

0861 

116 

A06  A 

LDA 

A 

PTH 

08330 

0 8i.4 

1)7 

AO  5 5 

STA 

A 

AUDR 

08  340 

0867 

20 

D2 

BRA 

A1 

08360 

0869 

7F 

AOS  5 

GTGST 

CER 

ADDll 

08370 

086C 

U6 

A05  5 

A2 

EDA 

A 

ADDR 

08380 

0861’ 

1)7 

A061J 

STA 

A 

COHADD 

08390 

087  2 

1)1 

A06  A 

CUP 

A 

PTR 

TSV  FOR  TS'l'WORD  EOC 

08400 

0875 

27 

36 

HEQ 

A3 

DO  NOT  READ  S CMP 

08410 

0877 

BD 

0 1 BA 

JSR 

READ 

(READ  HCKGND) 

08420 

08  7 A 

EG 

AO  50 

EDX 

RDATA 1 

08430 

08/1) 

DC 

A06  4 

CPX 

BEE 

TST  FOR  HCKGND 

084  40 

0080 

27 

03 

BGQ 

*+5 

08450 

0882 

HD 

081)7 

JSR 

ERROR 7 

08460 

0885 

1)6 

A06A 

LDA 

A 

PTR 

08470 

0088 

U7 

AO  5 5 

STA 

A 

ADDR 

084  80 

080  H 

1)1) 

01  HA 

JSR 

READ 

READ  TSTWOlil)  ADDRESS 

08490 

088E 

FK 

AO  50 

EDX 

RDATA 1 

08500 

0 891 

UC 

AO  6 2 

CPX 

TEE 

COMP  WITH  T1ISTWORD 

08510 

0094 

27 

03 

HEQ 

♦+5 

08520 

0896 

an 

08DE 

JSR 

ERRORS 

08530 

0099 

1)6 

AO  61) 

LDA 

A 

COMADD 

08540 

0U9C 

1)7 

AOS  5 

STA 

A 

ADDR 

08550 

08  9 F 

HU 

0 1 BA 

JSR 

READ 

READS  HCKGND 

08560 

08  A2 

FG 

AO  50 

LDX 

RDATA 1 

08570 

00  A5 

1)C 

A06  4 

CPX 

BEE 

! J 


98 


I 


08530 

00  A0 

27 

03 

BCQ 

*+5 

00590 

08AA 

BD 

0CD7 

JSR 

ERROR? 

00000 

00  AD 

1)6 

AO  5 5 

A3 

EDA  A 

ADl)R 

0 8 G 1 0 

08BQ 

81 

IP 

CMP  A 

# $ 1 F 

00620 

03E2 

26 

01 

BNE 

♦ + 3 

00630 

001)4 

39 

RTS 

00640 

031)5 

7C 

AP55 

INC 

ADDR 

00G50 

081)3 

20 

B2 

BRA 

A2 

08670 

oar.  a 

OD 

CERR7 

PC!) 

$D,  $A 

03G80 

00  DC 

45 

FCC 

/ERR-TYPH  1 

08600 

08C7 

04 

PCD 

4 

08700 

08CC 

OU 

CERRO 

FCB 

$D/  $A 

087  10 

OOCA 

20 

FCC 

/ ERR-TYPE 

007  ::o 

08D6 

04 

PCD 

4 

0.-.730 

0 81)7 

CE 

06  DA 

ERROR 7 

LDX 

IJCKRR7 

00740 

CODA 

36 

PS  II  A 

087  50 

0 81)  ) 

711 

0620 

JMP 

11RR1A 

08750 

0 ODE 

CE 

08C8 

ERROU8 

I.DX 

#CI1RU8 

08770 

0 8E1 

36 

PS  11  A 

08780 

08C2 

7E 

0647 

JMP 

ERR2A 

08800 

* THIS  SUBROUTINE  SWAPS 

08810 

* BACKGROUND 

P ATT  ERR  WOl. 

08820 

* WOR 

D LOCATED  IN  TEE  At. 

03830 

+ OP 

THE  INDEX  REGISTER 

00840 

081 

’ 5 

SWAP 

11QU 

+ 

08850 

08115 

PE 

AO  6 4 

I.DX 

BEE 

00860 

08118 

IT 

A056 

STX 

XTEMP 

08070 

0BE11 

IT. 

A062 

I.DX 

TEE 

068  HO 

0 CEE 

IT 

AO  6 4 

STX 

BEE 

08890 

osn 

PE 

A056 

LDX 

XTEMP 

08900 

0 8E4 

IT 

AO  6 2 

STX 

TEE 

08910 

08E7 

39 

RTS 

PLACES  WITH  THE 

:n  AND  THE  TEST 

il > BEE.  THE  CONTENTS 

At  ID  XTEMP  ARE  DESTROYED. 


03030 

INBYTE 

OLITC1I 

PDATA1 

OUT2H 

OUT  4 IIS 

OUT  2 IIS 

INCIIAU 

Ml  KBUG 

A 1 PI AD 

A2I’  I AD 

BlPIAD 

B2PIAD 

A 1 PI  AC 

A2PIAC 


END 


E0S5 
E07  5 
P.07E 
KOBE 
E0C8 
L'OCA 
El  AC 
EOUO 
8010 
0014 
0012 
0016 
001  1 
8015 


99 


PACE  021 


PAG!:  022 
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Appendix  C 


Operator's  Manual  for  the 
NCR  2051  Test  System 

Appendix  C provides  the  reader  with  a manual  which  may 
be  used  as  a guide  for  operating  the  NCR  2051  test  system.  A 
more  detailed  description  of  the  test  algorithms  and 
subroutines  is  contained  in  Chapter  V. 
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Operating  Manual  for  the  NCR-2  05 1 Tester 

This  manual  describes  the  procedures  for  using  the 
NCR-2051  MNOS  memory  tester.  This  tester  is  a microcomputer 
based  system  which  was  designed  specifically  for  testing  the 
NCR-2051.  In  general,  the  test  system  will  supply  all  the 
necessary  prompting  messages  to  provide  the  operator  with 
sufficient  information  to  run  the  system  without  referring 
to  the  manual.  These  messages  are  described  heroin.  The 
required  memory  write  and  erase  pulse  widths  are  controlled 
by  hexadecimal  (base  1 G ) data  inputs  from  the  operator.  The 
times  represented  by  a given  input  may  be  obtained  from  the 
pulse  width  table  (Table  C2) . 

See  ten  Power-up  and  Initial i nation  Sequence 

In  order  to  simplify  the  power-up  sequence,  all 
electrical  connections  for  the  different  parts  of  the  system 
are  plugged  into  a common  power  outlet  strip.  A single 
switch  located  on  this  power  strip  may  then  be  used  to  turn 
the  system  on  and  off.  Since  there  are  not  enough  outlets 
on  the  power  strip  for  the  video  monitor  to  bo  plugged  into 
it,  it  is  necessary  to  turn  the  on/off  switch  (on  the 
monitor)  to  the  on  position  and  check  to  see  that  the 
receiver/monitor  svitch  (located  on  the  right  end  of  tno 
monitor  cabinet)  is  in  the  monitor  position  (up) . 
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Verify 

that 

the 

power 

indicator 

lights 

on 

the 

microcomputer 

and 

the 

video 

terminal  are 

on  and 

that 

the 

power  switch 

on 

the 

cassette 

interface 

is  in 

the 

on 

position.  To  clear  the  video  screen  of  the  random 

characters  and  initialize  the  cursor  to  the  lower  left 
corner  of  the  screen,  press  the  "I!"  key  located  at  the  lower 
right  hand  corner  of  the  keyboard  (not  the  key  for  the 
character  Ml').  Next  strike  the  carriage  return  key  (marked 
"return")  and  the  computer  should  respond  with  an  asterisk. 
If  this  occurs,  proceed  to  the  next  paragraph.  If  this  is 
not  the  case,  press  the  reset  button  on  the  microcomputer 
front  panel.  If  there  is  still  no  asterisk,  check  the 
local/remote  switch  on  the  cassette  interface  (this  switch 
should  be  in  the  remote  position).  If  there  is  still  no 
asterisk,  check  all  connections  between  the  components  of 
the  system  to  be  certain  that  they  are  all  plugged  in 
securely.  Next,  compare  all  switch  settings  with  the  list 
in  Table  Cl  and  correct  any  discrepancies . If  the  asterisk 
still  does  not  appear  when  the  reset,  button  is  depressed, 
consult  the  manuals  provided  with  the  microprocessor  kit 
(Ref  1)  for  additional  help  in  locating  the  problem. 
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Loading  the  Tost  Monitor 

If  the  tost  monitor  is  resident  in  the  microcomputer 
(i.e.  the  EPROM  board  installed)  omit  this  step.  After 
having  completed  the  power-up  sequence  and  obtained  the 
asterisk  in  response  to  a carriage  return  input  from  the 
keyboard,  it  is  necessary  to  set  the  baud  rate  switches  on 
the  backs  of  both  the  terminal  and  the  microcomputer  to  300 
baud.  Set  the  read  select  switch  (on  the  cassette 
interface)  to  input  A or  B corresponding  to  the  side  to 
which  the  tape  recorder  output  is  connected.  The  record  and 
read  status  switches  (also  on  the  cassette  interface)  should 
be  set  in  the  center  (auto)  position. 

Insert  the  tape  cassette  containing  the  test  monitor 

w 

object  code  into  the  cassette  recorder  and  rewind  the  tape 
to  the  beginning  (bo  certain  that  the  tape  is  inserted  with 
the  side  (containing  the  program)  facing  away  from  the 
recorder) . It  may  be  necessary  to  position  the  manual/auto 

> switch  to  the  manual  position  in  order  to  rewind  the  tape 
(be  sure  to  return  this  switch  to  auto  when  the  rewind  is 
completed) . Place  the  recorder  in  the  play  mode  by 

depressing  the  play  button  (this  button  must  remain  down 
after  it  is  released) . The  loading  process  is  initiated  by 
typing  the  "L"  character  on  the  keyboard.  The  cassette  tape 
should  begin  moving,  the  read  "ready"  light  should  be 
lighted,  and  (when  the  beginning  of  the  recorded  program  is 
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reached  on  the  tape)  the  read  "data"  licjht  should  flicker  a3 
the  program  is  loaded  into  the  computer. 


l 


When  the  program  is  loaded,  the  computer  will  stop  the 
tape  recorder  and  turn  off  the  read  "ready"  light.  It  will 
then  transmit  an  asterisk  to  indicate  that  the  operation  is 
completed.  The  stop  button  on  the  cassette  recorder  should 
now  be  depressed. 


Entering  the  Tost:  Moni  tor 

The  'go  to  user's  piogram'  function  of  MIKbug  (Ref  1) 
is  used  to  enter  the  test  monitor.  Ref ore  using  this 
function,  it  is  necessary  to  load  the  correct  values  for  the 
condition  code  register  (located  at  $A043)  and  the  program 
counter  (located  at  9A048/9) . The  condition  code  register 
should  be  loaded  with  $10  so  that  interrupts  are  not 
allowed.  The  data  which  is  loaded  into  the  program  counter 
is  the  starting  address  ol  the  the  test  monitor  (90100  for 
the  version  loaded  from  cassette  tape  and  $D000  for  the 
* EPROM  version) . The  following  sequence  demonstrates 
entering  the  cassette  tape  version.  (Underlined  entries  are 
user  inputs  and  'n'  entries  are  random  number  computer 
responses . ) 

+M  AO  4 3 
AO  4 3 nn  J_0 
AO  4 4 nn Re turn 
AO  4 5 nn Return 
AO  4 6 nn Ret  urn 
AO 4 7 nnUcturn 
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AO '1 8 nn  01 
A0  4lJ  nn  00 
AO  4 A nn  _ 

*G 

After  the  user  types  the  G,  the  test  monitor  then 
outputs  the  directory  of  all  available  test  programs  (See 
Fig  C— 1 ) and  waits  for  a one  or  two  digit  input  (from  the 
operator)  followed  by  a carriage  return.  Thi-s  input 
represents  the  number  of  a program  as  indicated  in  the 
directory.  The  monitor  will  then  enter  the  selected  program 
(after  printing  the  name  of  the  program  selected) . The 
operation  of  each  program  is  described  in  the  following 
paragraphs.  At  any  point  in  the  operation  of  the  test 
system,  when  the  program  is  waiting  for  an  input  from  the 
operator,  the  operator  may  decide  to  jump  back  to  the  tost 
monitor  entry  point  (selected  by  typing  a control  C) , jump 
to  MIKbug  (selected  by  entering  an  X) , or  delete  any  entry 
(type  control  X before  the  carriage  return  has  been 
entered) . 

l’xocuting  MARCH , CALF  AT , or  WAKPAT  Test  Programs 

After  entering  the  test  monitor  and  setting  the  pulse 
widths  to  the  desired  values,  insert  a test  device  into  the 
MUT  tost  socket  (pin  1 is  located  nearest  the  lever  on  the 
zero  insertion  force  socket).  Type  a "I"  followed  by  a 
carriage  return  to  enter  MARCH  (type  "3"  for  GALPAT  and  "4" 
for  WAKP/iT)  . (See  Ref  2 for  a description  of  these 
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algorithms. ) The  monitor  will  respond  with  "program 
selected"  followed  by  the  name  of  the  program  which  was 
selected.  The  current  value  of  the  background  tost  pattern 
and  the  tost  word  are  then  displayed  and  the  option  "Go  or 
Re-enter  data"  offered  to  the  operator.  If  the  patterns  are 
the  desired  value,  then  type  "G"  and  the  test  will 
commence.  If  different  values  are  to  be  used,  type  "R"  and 
the  computer  will  respond  by  displaying  the  instruction 
"input  background  test  pattern"  and  wait  for  the  new  pattern 
to  be  input.  The  input  buffer  is  zero  filled  prior  to  the 
first  input  so  loading  zeroes  need  not.  be  entered.  Only  the 
last  four  inputs  preceding  a carriage  return  are  valid, 
therefore  corrections  may  be  made  by  simply  retyping  all 
four  digits  or  using  the  delete  function  and  re-entering  the 
pattern.  The  computer  then  responds  with  "input  testword" 
and  waits  for  the  new  testword  to  be  input.  The  background 
pattern  and  test  word  arc  again  displayed  along  with  the 
option  to  "go  or  re-enter".  When  the  desired  values  are 
entered,  type  "G"  to  begin  program  execution.  The  computer 
prints  "test  in  progress"  as  it  begins  the  testing  of  the 
device . 

All  errors  (errors  meaning  that  the  data  which  was  read 
does  not  correspond  to  that  which  was  written)  which  are 
detected  will  cause  an  error  statement  to  bo  printed  on  the 
output  device  (one  statement  for  each  error) . When  the  test 
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is  complete,  the  computer  prints  " test  complete " and 


if  no  error  statements  have  been  printed  the  device  has 


successfully  passed  the  test.  The  test  monitor  will  be 


re-entered  and  the  test  directory  displayed  on  the  output 


device. 


Executing  MASK ST  Test  Program 


After  entering  the  test  monitor  and  setting  the  pulse 


widths  to  the  desired  values,  insert  a test  device 


(NCR  2051)  into  the  MUT  test  socket  (pin  1 is  located 


nearest  the  lever  on  the  zero  insertion  force  socket) . Type 


'2"  followed  by  a carriage  return  to  select  MASEST  (See  Ref 


2 for  a description  of  the  I AS e ST  algorithm) . The  computer 


will  print  "program  selected  - MASEST  - test  in  progress" 


and  begin  test  program  execution.  All  errors  will  cause  an 


error  statement  to  be  printed  on  the  output  device 


(including  written  data,  read  data,  and  the  address  where 


the  error  occurred) . When  the  test  is  completed,  the 


• computer  will  print  " test  complete " and  re-enter  the 


test  monitor  (printing  the  test  directory) . 


Displaying  Contents  of  an  NCR  2051 


After  entering  the  test  monitor  and  inserting  a memory 


device  into  the  MUT  test  socket,  type  "D"  followed  by  a 


carriage  return  tc  enter  the  DISPLAY  program.  The  computer 


will  display  the  address  followed  by  its  contents  for  each 
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address  of  the  entire  memory  (two  entries  per  display 
line).  When  all  the  contents  nre  displayed  on  the  output 
device,  a "»*"  will  be  printed  and  the  computer  will  wait  for 
the  operator  to  typo  a character  (strike  any  key)  before  it 
will  return  to  the  lest  monitor.  The  test,  program  directory 
will  again  bo  displayed. 


Pi  sp  lay /Change  V/ri  to  and  Prase  Pulse  Widths 

After  entering  the  r.  monitor,  type  "I’F"  followed  by 
.1  carriage  return  to  enter  the  pulse  widths  rout  ino.  The 
eompntor  will  print  Llie  current  contents  of  the  write  and 
erase  pulse  width  registers  (four  hexadecimal  numbers  each) 
and  give  the  operator  the  option  to  re-enter  the  numbers  if 
desired.  Typo  "0"  if  the  current  values  are  correct  or  type 
"It"  if  re-entry  is  necessary.  The  instruction!;  to  input 
each  pulse  width  word  arc  printed  (flee  Table  C 2 for  times 
corresponding  to  the  hexadecimal  numbers).  When  the  correct 
values  are  displayed,  type  "0"  to  re-enter  the  lost  monitor 
• and  cause  the  test  directory  to  bo  displayed. 


Controlling  Output  Destination 

The  output  from  the  microcomputer  system  may  routed 
to  one  of  four  output  devices  which  may  be  connected  to  the 
system.  A control  P in  typed  to  enter  t lie  output 
destination  select:  program.  The  computer  responds  with 
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operator  then  typos  at  least  the  first  two  characters  of  the 
name  of  the  output  device  followed  by  a carriacje  return  (Ti:u 
- video  terminal,  TTY  - serial  port  0,  and  PRTR  - lino 
printer).  The  name  of  the  output  device  which  was  selected 
will  then  be  printed  on  the  screen  of  the  video  terminal. 
Selecting  TTY  allows  output  to  either  a teletype  or  the 
HP-9R10A  calculator  system  (this  is  determined  by  a switch 
settling  (TTY/IIP-S)820A)  on  the  back  of  the  microcomputer)  . 
The  input  source  remains  the  video  terminal  keyboard 
regardless  of  the  output  destinat  ion. 


Set  ting  Road-d  lock  Tim  ing 

The  read-clock  pulse  width  is  set  using  a rotary  switch 
located  on  the  MtlT  test  fixture.  There  are  three  positions 
for  tills  switch  that  select  a different  read-clock  pulse 
width.  Kach  position  selects  a trimpot  to  be  used  as  one  of 
the  timing  components  for  a oneshot  multivibrator  which 
generates  the  read-clock  pulse.  The  three  trimpots  are 
calibrated  by  observing  the  CLK  signal  on  the  MUT  fixture 
with  an  oscilloscope  and  adjusting  the  clock  pulse  to  the 
desired  width  (a  test  program,  that  reads  the  MUT,  must:  be 
executing  during  the  calibration  procedure) . The  times  for 


each  switch  sotting  are  labeled  using  adhesive  labels  and 
should  he  replaced  each  time  the  pulse  widt  h cal  ibrations 
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are  changed 


Summary 


The  NCR  2 0 S 1 tost  sys tom  is  turned  on  and  off  with  two 
switches:  a switch  on  the  power  strip  and  tho  power  switch 
on  the  television  monitor.  After  the  power-up  and 
initialization  sequence  is  verified  (i.e.  the  computer 
responds  to  a carriage  return  with  an  asterisk),  the  teat 
monitor  must  be  loaded  (if  the  Kl’ROM  board  is  not  plugged 
into  the  system).  The  monitor  in  then  entered  (using 
MTKbug)  and  the  desired  test  routine  is  selected  and 


executed 


SELECT 

DESIRED  PROGRAM 

01 

MARCH 

02 

MASEST 

03 

GAI.PAT 

04 

WAKPAT 

on 

DISPLAY 

FF 

PU1.SE  WIDTHS  DIS PLAY /CHANGE 

? 

Flcj.  C- 1 . Tof- t Program  Directory 


1 1.1 


TABLE  Cl.  System  Initialization  Switch  Settings 


Switch  Name  Position 


Microprocessor  Switches 

TTY/TERM 

TERM 

CLOCK  ( rtJ/BYPASS) 

IN  (DOWN) 

BAUD  RATE 

SAME  AS  TERMINAL 

Terminal  Switches 

CLOCK  (IN/BYPASS) 

IN  (DOWN) 

CU RSO R ( TOP/ BOTTOM ) 

BOTTOM  (DOWN) 

LOCAL/COMP 

COMP  ( DOWN ) 

POWER  (ON/OFF) 

ON  (UP) 

SCREEN  READ  (SCR) 

OFF  (DOWN) 

DATA  TRANSFER 

PCS  4 

BAUD  RATE 

SAME  AS  MICROPROCESSOR 

VIDEO  MONITOR 

POWER 

ON  (CLOCKWISE) 

TV/MON 

MON  (UP) 
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TABLE  C2.  Pul  no  Width  Table 


Time  in  milliseconds  Hexadecimal  value 


200 

4000 

100 

2000 

50 

100  0 

32 

0A00 

6.4 

0200 

2 

00A0 

1 

C04E 

Time  in  microseconds 

Hexadecimal  value 

750 

0039 

500 

0025 

400 

00  ID 

230 

0010 

200 

00  on 

160 

000  A 

105 

0005 

92 

0004 

80 

0003 

67 

0002 

55 

0001 

NOTE : 

This  table  is  to  bo  used  to  look  up  the  hexadecimal 
value  to  be  entered  into  the  computer  to  net  the  erase  and 
write  pulse  width  time  delays  in  the  erasc/writo 
subroutine.  Locate  the  desired  time  in  the  left  column, 
then  find  the  corresponding  hexadecimal  value  from  the  right 
column. 


115 


1.  M6800  Microprocessor  Operating  Manual.  8 an 

Antonio , Texas : Southwest  Technical  Products 

Corporation , undated . 


Robertson,  .Tool  W.  Design  of  a Microprocessor 
Based  System  for  Test  Eng  of*  the  NCR  2051  MNOS 
Memory.  Thesis  GE/EE/78-3 . Wright  Patterson  Air 
Force  Base , Ohio;  Air  Force  Institute  of 
Technology , March  1978. 


116 


Appendix  D 
Pulse  Width  Table 

Appendix  D provides  the  reader  with  a table  which  is  to 
be  used  to  determine  the  pulse  widths  for  erase  and  write 
operations.  The  table  lists  hexadecimal  values  which  are 
entered  using  the  pulse  widths  displuy/change  subroutine 
(See  Appendix  C)  to  control  the  pulse  width.  The  user  should 
first  determine  the  desired  pulse  width  fer  erase  and  write 
and  locate  the  times  in  the  table.  The  corresponding  entry 
in  the  table  will  be  a hexadecimal  value  (on  the  same  line 
cf  the  table)  and  should  be  input  to  the  computer  for  the 
pulse  width  values  to  be  set. 
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Width  Table 


TABLE  D 1 . rulso 


Time  in  milliseconds 


Hexadecimal  value 


200 

4000 

100 

2000 

50 

1000 

32 

0A00 

6 . 4 

0200 

2 

0 0 A0 

1 

004E 

Time  in 

microseconds 

1 1 exad oc imn 1 va 1 ue 

750 

0039 

500 

00  25 

400 

GO  ID 

230 

0010 

200 

0 0 0 D 

160 

00  C A 

105 

0005 

92 

0004 

80 

0003 

67 

0002 

55 

0001 

NOTE: 

This  table  is  to  be  used  to  look  up  the  hexadecimal 
value  to  be  entered  into  the  computer  to  sot  the  erase  and 
write  pulse  width  time  delays  in  the  erase/write 
subroutine.  Locate  the  desired  time  in  the  left  column, 
then  find  the  corresponding  hexadecimal  value  from  the  right 
column. 


E-1 

Test  Monitor 

E-2 

MARCH  Test  Algorithm 

E-3 

MASEST  Test  Algorithm 

E-4 

WAKPAT  Test  Algorithm 

E-5 

GALPAT  Test  Algorithm 

E-t> 

ECKGND  Subroutine 

E-7 

READ  Subroutine 

E-8 

WRITE  Subroutine 

E-9 

Operating  System  Input  Character  Routine 

0 

1 

y 

Operating  System  Output  Character  Routine 

START 


Load Index  W/ 
address  of 
Test  Program 
Name 


Print  " Program 
selected" 
followed  by 
program  name 


Load  Index  Roc 
W/ address  of 
Ten  t subroutir e 
Start 


CLR  WMODE 
Initialize  EPWID  £ 
T7PWID  to  1000  (Hex) 


Load  stack  pointer  W/ 

AO 4 0 (Hex ) and  Init . I/O 
ports  - Print  Directory 


IX 


GOSUB  - input 
1 Instruction 


<11outine= 
'biases  t/ 


■ 1 ,.1,1,1  n 

or  IxVna 
~^^ompar^v 
<iinstructio, 
>kT..hU<l 


Go  Print 


1 no  fl "Invalid  ss 

X ...  , '•efcipn-u-r- 

\Matc4 r— - 

par  cv  lh  1 


GOSUB  - Got 
backgnd  Patt 
£ testword 


GOSUB  - 

Indx  'c 

-execute 

test 

routine 

GOSUB  - Disp'i 
change  pul  re 
.widths 

Lrr^s. 


GOSUB  - Disp'\ 
contents  of 
MUT  - wait  for 
input 


HI> 


B’ig.-E-I.  Flowchart  of  Test  Monitor 
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c=o 

r ■: ~r\ 

I Let  W»A  i *•  Pattern  I 

fco  v : i t i VTA  1 i n ! lt»V  I 
I ;»  i-jxntmi  to  by  I 

Ll°h T _J 

* 

| CQ!'!>U-  rtn  WHAT  A 1 

V 


^ Is*  ^ 

M>DH  - top  of 

P.OflkU  V 


CI.mv  ' :)I)K 

l.ot  7.U  I'at torn  \ 


T nor  orient 
ADO  it 


l 

Copplr  a'nt  LPATAI  i 

/ Is  \ 
ADPR  * top  of 
Monoi y 


i.'t  ..  'A  " 1 • Pat  tern 

’l«M  M '•< 


Li; £s.> 


T net  cment 
Aonn 


l t int  "1  HJs-Tyi «'  o* 


* I.’ote;  lhis»  suhtovttine 
It;  executed  two  times  - 

Pas-  1 (Pattern  all  ones 
Pass  2, Pattern  - all  zovoa 


fi’tv’r  \ or  2 


Fig.  l>3a.  Flowchart  of  MASI'ST  Test  Algorithm 
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Fin . F.-5.  Flowchart  of  GALPAT  Tost  Algorithm 

125 


I’rit.e  32  (hex)  into 
A2T1AO  to  latch  the  data 
and  enable  the  read  data 
buff ova 


Head  the  that  a from  MUT 
(HtriAD,  K2PIAI))  and 
place  in  UhATAl  h Kl'AT A 


Clear  Hi**  control  and 
addle  a data  to  the  MUT 


S 1 1 obo 

bit 

zero 

t A .CPI  A 

A 2 PI An 

(•** 

Ite  3, 

then  2) 

to  tri 

I > O l* 

the  o 

K'shot 

read-c 

loch 

pulse 

CiOdUB  - (KINIT) 

>'* v. 

Initialize  I/O  Port:, 
for  read  operations 

__ 

Fig.  E-7.  Flowchart  of  READ  Subroutine 


Start 


Fig.  E- 10.  Flowchart  of  Operating  System  Output 
Character  Routine 
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Appendix  F 


NCR  2051  Data  Shoots 


This  appendix  contains  the  data  sheets  provided  by  NCR 
Corporation  for  the  NCR  2051  HNOS  memory.  These  data  sheets 
were  reproduced  through  the  courtesy  of  NCR  Corporation. 
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PRELIMINARY  DATA 
512-BIT  WAROM™  MEMORY 


NCR  CORPORATION 


MICROELECTRONICS  DIVISION  8181  DYERS  ROAD  MIAMISRURG,  OHIO  45342 


(513)  866-7471 

TLX  28-8010  NCnMICRO.  MSDG 


Electrically  alterable  ROM 
MNOS  P-channel  technology 


• 32  Word  x 16  Oita  Word  Organization 

• 5-Bit  Parallel  Binary  Addressing 

• Electrically  reprogrammable 

• 4 0/4 s»*c  Word  Read  Access  Tim© 

• 40  msec  Word  Eraso  Tme 

• 40  msec  Word  Write  Time 

• Minimum  Data  Retention  — 2 x 101’  Road  Cycles/ Word  Before  Refresh 

• Hire.  State  Outputs 

• Pm  Ceramic  Dual  In-Line  Package 

• empowered.  Nonvolatile  Data  Storage  — 10  Years  at  70'  C 

• Chip-Select.  Control.  Address,  and  Data  Inputs  TTL  Compatible 


SrANOANO  26  PIN  SlPf:  BRAZE  DIP 
(1  4 x 06  IN.) 


The  NCR  2051  is  a fully  decoded.  32  x 16-bit 
electrically  erasable  and  reprogrammable  ROM 
utilizing  second-generation  NCR  MNOS  epitaxial 
processing  technology.  , 

Data  is  stored  by  applying  negative  wi  it  mg  pulses 
thal  selectively  tunnel  chat  go  into  the  oxide- 
nitride  interface  at  the  gate  insulator  of  the  MNOS 
memory  transistors  When  the  writing  voltage  is 
removed,  the  charge  trapped  at  the  interface  is 
manifested  as  a negative  shift  in  the  threshold 
voltage  of  the  selected  memory  transistor. 
Stored  data  may  be  accessed  a minimum  of  2 x 
f0n  times  before  refresh  is  necessary,  and  is 
nonvolatile  in  the  unpowered  stato  in  excess  of 
10  years  Although  the  NCR  2051  is  not  intended 
for  use  as  a reud/write  memory,  data  can  bo 
erased  and  rewritten  up  to  a maximum  of  10* 
times. 

All  reading,  writing,  and  orasmg  is  accomplished 
through  the  use  of  internal  voltage  shitting. 
Hence,  high  voltage  switching  and  its  associated 
logic  «ne  not  required  for  operation. 


While  the  information  herein  presented  has  boon 
checked  for  both  accuracy  and  reliability,  NCR 
assumes  no  responsibility  for  eithor  its  use  or  f jt 
the  infnngi  ment  of  any  patents  or  other  rights  of 
third  parties,  which  would  '’suit  from  its  use.  Thu 
publication  and  disserr.ir.  lion  of  the  unclosed 
information  confers  no  li  ear.e.  by  implication  or 
otherwise  under  any  patent  or  pa»ert  rights 
owned  by  NOR. 


FUNCTIONAL  BLOCK  DIAGRAM 


32  x 16 


MEMORY 

MATRIX 


r * NSC  AMP  \ I I SCNsr.  »WP  A I 

jiiA:  A lOowiyt-wj  f'MA  -Opmivi  n| 

Tlaim  maul 


Copyright  i 1i)/Bby 
NOR  Cot»  oration 
Oaylon  Ohio.  U S A 
An  IT.  Ms  Rrwvfd 
PfinUnJ  in  U S A 
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I 


PRELIMINARY  DATA 


EflFEfll  512-BIT  WAROM™  MEMORY 


G3I3B 


ABSOLUTE  MAXIMUM 
RATINGS' 


All  inputs  or  outputs  relative  to  Vg§  . ..  »0  3Vlo  30V 

Operation  Ambient  temperature  ......  0‘C  to  t 70‘C 

Storage  temperature  . ..  65  C to  *150  0 

Soldering  temperature  of  leads  (10  seconds)  ♦ 300X 

* Stresses  above  "absolute  maximum  ratings  * may  result  in  damage  to  the  de- 
vice Functional  operation  of  devices  at  »ho  absolute  maximum  ratings'*  or 
above  the  recommended  operational  limits  stipulated  elsewhere  in  this  specif- 
ication is  not  implied 


RECOMMENDED  OPERATING  CONDITIONS.  TA  0 C TO  70C 


Pow.u  Supply  H«qui 


CMOS 

24  t 1 5V 
*10  t 1 OV 
0 


VCKM 

Clock  input  high 

vss  1 5 

vss 

vss*  3 

VCKU 

Clock  input  low 

vss  10 

vcc 

vss  40 

VCIHVC3H 

Modi*  conliol  high 

VSS  ' 5 

VSS 

VSS'3 

VCiL  VML 

Modi*  control  low 

vss  15 

vcc 

vss 

VC5M 

Chip  ttfloct  high 

vss  1 5 

vss 

vss° 

VCSL 

Chip  select  low 

Si 

V) 

IS) 

> 

vcc 

Vc*  -1  0 

r>v» 

VAM 

Word  «i defratt  high 

vss  , b 

vss 

VAL 

Woid  .lddress  low 

vss,!> 

VCC 

Vss-43 

VDII 

OotJ  I/O  high 

vss'6 

VSb 

Vss'3 

VOL 

Dot j 1 '0  low 

vss15 

VCC 

vss  4°' 

//fit* 

Typ  Max 


Mm 

Read 

Typ 

Mn 

Vss'5 

vss 

VSS'3 

Vss"- 

vcc 

vss40 

vss-'  5 

vss 

vSS'3 

Vss'5 

vcc 

Vss40 

vss  ’ 5 

vss 

Vss'3 

VSS'S 

Vcc 

Vss4-3 

vss'5 

vss 

Vss'3 

vss-,s 

vcc 

vss  40 

vss' 5 

vss 

Vss'3 

VSS16 

vcc 

vss  4°- 

STATIC  ELECTRICAL  CHARACTERISTICS,  TA  - 0 C TO  70'C  no  external  loads  rxcrpr  as  noted 


Conditions 


Symbol 

Parameter 

All  Pins  at  1 

'in 

Input  leakage  current 

(pins  18  2.1.  25  27) 

vIN-  Vss  'SV 

'out 

Output  leakage  curient 

vour ' vss  ,5V'  v 

'n 

Vqg  *epr»ly  current. 

Vgg  ■ vss  '4V 

(tend  mode 

Outputs  open 

'w 

Vgg  supply  current. 

VCG  ' VSS  34V 

Write  mode 

Outputs  open 

'oh 

Data  output  high  current 

V0H  ' 3 *V 

'ol 

Data  output  low  ruirent 

VUL  ' 0V 

V0H 

0.iia  output  high  volt.ige 

Cj  - 100  pf 

VOL 

Data  output  low  voftjga 

CL  too  pf 

*r 

Unpower  nonvolatile 

r oliowing  minimum 

d.it.t  storage 

wute  conditions 

Typ 

Mm 

Unit 

20 

fJA 

1 0 

HA 

•10 

•12 

ns  A 

CAPACITANCE  WITH  ALL  PINS  GROUNDED,  f 1 MHz 


Address  and  clock  Input  cup.icitance 

D.n.1  input /output  capacitance 

Mode  control  «»ntl  chip  mltcl  oifMicit.inc* 


A- 


□HQ  512-BI' 

READ  CYCLE  CHARACTERISTICS.  TA  0 C to  WC 


PRELIMINARY  DATA 
512-BIT  WAROM,M  MEMORY 


mm 


□BQ 


PRELIMINARY  DATA 
512-BIT  WAROM™  MEMORY 


ERASE  CYCLE  CHARACTERISTICS.  T»  O' C TO  70C 


Symbol 


Pinnwlo 

Min 

Typ 

Mn 

Unit 

Vj.  tuw  ihiIm  Midlh 

40 

200 

m»K 

css  ill'll  f mw  CVlay 

0 

n**c 

MoOe  Select  JM  Delay 

0 

n«c 

WRITE  CYCLE  CHARACTERISTICS,  TA  O'C  TO  70"C 


"V’TTbol 


Parimelt* 

Min 

Typ 

Max 

Unit 

W»ii«  pult*  vv'ilih 

40 

200 

mice 

Aiklirct  S*»kct  Writ*  Delay 

0 

niec 

MtxO  Select  - Writ!  Orliy 

0 

ntec 

O.i 1 1 Sot  W.  it*  Delay 

0 

ntec 

H 


U-',^X  I’ftNOtioJir 

j 1 


p-  'w 


I iJ 


7400 

SCRIES 

TTL 


PRELIMINARY  DATA 


NCR  CORPORATION 
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512-BIT  WAROM'm  MEMORY 


8181  Byers  Rond 
Mtamisburg.  Ohio  45342 
(513)  866-7471 

TLX  28-0010  NCRMICRO.  MSBG 


MICROELFCTRONICS  DIVISION 

11/6  06  2/7 R 


TYPICAL  ORGANIZATION 


MOS  INTERFACE 

vss  ovss 


i -• ' u 

*VCC 


Vcc  IMOSI  ■ GNO  - Ov 


TTL  INTERFACE 


Vcc  IT  TL)  - Vss  IMOSI  5v  vcc  c 


-V 


LliJ  L . 

G. 
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